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PRECIS
RESEARCH PROGRESS REPORT

Title: "Annual Report: Automatic Informative Abstracting and Extracting,”" Annual
Progress Report, Office of Naval Research, Ceuntract Nonr 4440(00).

Authors: L. L. Earl and H. R, Robison

Background: This investigation'is concerned with the development of automatic index-
ing, abstracting, and extracting systems. Basic investigations in Englisi morphology,
phonetics, and syntax have been pursued as necessary means to this end. Experi-
mental indexing and extracting systems are new being developed.

Condensed Report Centents: The fifth annual report on automatic abstracting and
extracting summarizes progress in two areas of investigation: (1) the use of syntactic
informatien in automatic indexing and extracting and (2) compilation of a "word govern-
ment" dicticnary of English words and their assuciated government patterns. Within
the first area, three experimenis were pursued: (1) development of a "'sentence dic-
tionary' for use in automatic extracting, (2) combination of frequency and syntactic
criteria in automatic extracting, and (3) development of a detailed irdex of highly
specialized text. Fouv the ''sentence Cictionary,' a 3216-sentence data base was hand-
processed to assign a significance code (I for indexible and N for nonindexible) to
each sentence on the basis of the back-of-the-book index. Partis of the data base were
then autcmatically processed to assign a phrase structure to the sentences. When all
of the data base has been so processerd, a study of the correlation between the phrase
structure and the significance code will be made. In the exiracting experiment, the
starting point was again sentences which had been autcmatically assigned a phrase
structure. An algorithm was developed and programmed to choose sentences from the
text oi: the basis of irequency, syntactic, and combinational considerations. Words
are selected from the text on a syntactic basis and A frequency count of these words is
made, This frequency count forms the basis of a further selection ol words. Finally,
combinations of the remaining words determine the choice of sentenceg to be included
in the extract. Four chapters from four technical books were so prouessed and the
results partially evaluated. In the indexing experiment, all noun phrases were ex-
iracted from the text. These noun phrases were used as index items, and were also
broken up, combined, or reordered in some cases, to produce a very comprehensive
list of index terms., The entire book Current Medical Terminology was so processed
and the resulting index loaded into a retrieval system for testing. The compilation of
the word-government dictionary continued, Several hundred new entries were added
to the D-L portion of the dictionary. In addition, all the secondary patterns of the D-L
portion of the dictionary have been re-examined and, where necessary, altered to
accommodate the fact that semantics and government pattern may be correlated. Thus
the A-L portion of the dictionary is now a syntactic-semantic dictionary. The fact that
a word's government patterns and varions semantic meanings can be correlated con-
tinues to be one of the most interesting aspects of the project. To fully accommodate
the phenomena, new secondary categories are being incorporated into the government
patterns where required (i.e., animate nouns, reflexive pronouns).

For Further Information: The complete report is available in the major Navy technical
libraries and can be obtained from the Defense Documentation Center. A few copies are
available for distribution by the authors.
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FOREWORD

This report marks the completion of the fifth year in which the Office of Naval Research
has contributed support to research in the Information Sciences at the Lockheed Palo
Alto Research Laboratory of the Lockheed Missiles & Space Company. During the
first y -ar of the program, a major part of the effort went into establishment of a we >d-
data base, The English Word Speculum, which has been distributed to ONR program
participants, illustrates the nature of this data base. In the second and third year,

this data base was exploited in the development of a c.mputer program for the auto-
matic assignment of parts of speech to English words. Also during these years, it was
demonstrated how an English/Russian phrase data base can be used tv develop a tech-
nique for obtaining English indexes from untranslated Russian text. In the third and
fourth years, a new data base of sentences with assigned parts of speech was created
for investigation of the abstracting and extracting process. Durinrg the third and fourth
years, compilation of English word government tables began, and this activiiy has
continued in the fifth year, Also during this year, a new approach to the ""'sentence
dictionary" has Lbeen investigated, utilizing a newly developed parsing program which

has also proved useful in indexing and extracting experimenis.

Part I of this report documents the phrase structure approach to the sentence dictionary,
extracting experiments on some technical books, and an automatic indexing of a medical
book for retrieval purposes. Part II describes the notion of word-government, dis-
cusses the phenomenon of semantics and word government, and finally lists the entries
compiled to date.

The group at Lockheed takes this opportunity to exp,ess its thanks for the continuing

support and encouragement given by the Information Sciences Branch of the Office of
Naval Research,
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Part 1

EXPERIMENTS IN THE USE OF SYNTACTIC INFORMATION
IN AUTOMATIC EXTRACTING AND INDEXING
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Section 1
BACKGROUND AND THEORY

1.1 PHRASE STRUCTURE IN "SENTENCE DICTIONARY" EXTRACTING

It would be very convenient for automatic extracting if a relationship existed between
the syntactic structure of a sentence and its significance or usefulness in forming an
extract, This would be particularly true if a "'sentence dictionary," a dictionary of
syntactic sentence types, could be compiled and then a separation of significant from
nonsignificant sentences could be accomplished on the basis of these sentence types.
To test such a possibility, an experiment was devised for building a trial sentence
dictionary using part-oi-speech sirings io characterize a sentence syntactically, and
a previocusly formed index to establish whether a sentence was io ke considered signifi-
cant or not, This experiment is described and documented in two previous annual
reports (Refs. 1,2), The results will be summarized in the following paragraphs as
background for the continuing sentence dictionary experiment.

According to the sentence dictionary hypothesis, a large group of sentences, as repre-
sentative of the language as possible, are to be processed, classified as ""indexible"
or "nonindexible," and assigned a syntactic structure. The hope is that when these
structures are sorted or ordered, it will be found that like structures have like index
classifications, If this is so, and if there are not too many different structures pos-
sible in the language, the structures can be ordered into a "dictionary" of sentence
types, each classified as indexible or nonindexible, so that when other sentences are
assigned a sentence structure, a dictionary lookup can be used to classify them as
indexible or nonindexible. (The dictionary really need contain sentence types of only
one classification, either all indexible or all nonindexible sentences.)

1-1
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Testing of the validity of the sentence dictionary hypothesis boils down to answering
two questions:

® Is there a system of syntactic classification which will separate indexible
from ncnindexible sentences ?
® Does such a system produce a manageable number of sentence types ?

In the compilation of a trial sentence dictionary, several derivative and interrelated
qu “tions had to be faced immediately.

® Whai sentences can be used as a data base in coastructing a 7entence
dictionary?

® How should sentences be identified as indexibie or nonindexible ?

® What method of syntactic classification should be tried?

¢ How many sentences must be used in the data base in forming the sentence
dictionary so that all, or nearly all, English svyntactic types will be
represented ?

The initial answers to these questions need not be the final answers. The experiment,

in fact, consists of working to arrive at optimum practical answers to these questions

so that the validity of the sentence dictionary hypothesis can be cvaluated., The follow-
ing paragraphs give ihe answers adopted for the initial experiment.

® What sentences can be used as a data base in constructing a sentence dictionary?

The sentence dictionary hypothesis depends on the further hypothesis that well-
formed English sentences in scientific exposition follow a finite number of syntactic
patterns, which wili occur repeatedly in text, so that if enough text is examined,
ine patterns will emerge. Thus the question concerning the number of sentences
<5 be chosen becornes more important than the sentence source, although it seems
obvious that the more diverse the sample, the more econumically the objective can
be met. To choose text for the initial experiment, books were picked at random
from the Palo Alto Library of the LMSC Technical Information Center, and oue
chapter was used from each book. It was hoped that different books would reflect
different styles, and that using the running text from one chapter would give a
representative sample of the construction used by that author.
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® How are sentences to be identified as indexible or nonindexible? Since books are

usually published with an index, and these indexes have long been accepted by the
public, it seemed simplest to begin by using these indexes in distinguishing which
sentences were to be regarded as significant and, therefore, which sentence types
were to go into the sentence dictionary as indexible. Sentences were designated
indexible if they contained a phrase listed in the index, and nonindexible if they did
not. The difficulties encountered in making such a designation are discussed on
pages 1-5 and 1-6 of Ref. 1.

How are sentences to be syntaciically classified? It seemed reasonable to begin by
classifying sentences into as fine a classification as possible, because the finer
the syntactic classification and the larger the number of syntactic sentence types,
the greater the chance that a partition into indexible and nonindexible types can be
made. Therefore, the sentences were iritially characterized as a string of part-
of-speech possibilities. Because dictonary lookup of words is costly, a study of
the graphemic form of words was made, and an algorithm was devised to assign
part-of-speech codes to words automatically (Ref. 3). Figure 1 in Ref. 2 shows
sentences with their assigned part-of-speech strings.

How many sentences must be used in forming the sentence dictionary? Unfortu-
nately, this question and the third question, how the sentences are to be syntacti-
cally classified, are interrelated. The number of sentences which must be
processed in order to encounter nearly all syntactic types depends on the system
of syntactic classification used, and the practicality of a syntactic classification
system depends on the number of sentence types produced by the classification
system. As with the other questions, the answer is really to a large extent the
object of the experiment, but always there must be a starting place. Nine chapters
from nine texts, listed in Ref. 1, were used in the initial experiment; this sample
of 3, 216 sentences was thought sufficient to indicate the further directions in which
the experiment should proceed.
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The results of the initial sentence dictionary experiment are detailed in Section 2 of
Ref. 2. From these results it became clear that representing a sentence by part-
of-speech strings makes too fine a distinction between sentences. Nearly all the
sentences of the data base (3064 out of 3216) had a unique part-of-speech pattern,
Obviously, another method of classifying sentences had to be chosen to decrease the f
total number of sentence types and to increase the probability of duplicate types. It :
was decided to try classifying the sentences according to their phrase structure, with
the hope that there would be a significant number of sentences of like phrase structure.
To do this, it was necessary to develop an algorithm for automatic syntactic analysis,
based on a phrase-structure grammar. The syntactic analysis algorithm developed
was based on the needs of this sentence dictionary application and of twe other appli-
cations, described in subsections 1.2 and 1.3. In all three applications, identification
of noun and verb phrases was of primary importance; the need for identification of
higher level structures (such as parﬁcipial and prepositional phrases and clauses) and
of modification patterns had not yet been established. Since the identification of noun
and verb phrases and infinitives is basic, is a large part of the parsing process, and
is necessary for higher level analysis, it was decided to limit the first parsing efforts
to identification of these elements and to resolution of the role of participles in the
sentence,

For the sentence dictionary application, then, a sentence would be represented by (ox
mapped into) a string o. phrases, with the parts of speech of structural words inter-
spersed. For example, consider the sentence "However, most standards serve also
to 1ift the plane of competition." The parsing program should recognize the noun
phrases "most standards," "the plane," and ''competition;" the verb phrase "serve
also;" and the infinitive "to lift." It should then map the structure of the sentence as
shown in Fig. 1.

This vear's progress in parsing and in its use in the "sentence dictionary" application
is given in subsections 2.1 aud 2. 2,
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Word Structural Element
However adverb
s punctuation
most standards noun phrase
serve also verb phrase
to lift infinitive (phrase)
the plane noun phrase
of prepoeition
competition noun phrase

Fig. 1 Example of Structural Elements
Identified by BPHRAS

1.2 PHRASE STRUCTURE IN FREQUENCY-SYNTAX EXTRACTING OR INDEXING

In 1965, a method was developed to identify index items by combining syntactic and
statistical criteria. This is described briefly in the March 1966 Annual Report

{Ref. 4) and the results on five text excerpts are shown in that reference. Although
these results were promising, further tests were not possible because of the expense
of running an elaborate parsing program on the IBM 7094.

In the 1965—1966 experiments, the data corpus was reduced by selecting only certain
structural items (subjects, objects of verbs and infinitives, with genitive modifiers),
and this new corpus was subjected to statistical counts. An algorithm was developed,
which, on the basis of these counts, chose certain words for a first-level index.
Then all larger structural items containing these words were included in a second-

level index.

In reviewing this work, it was thought that a simpler parsing program, such as that
developed for the sentence dictionary experiment, might be adequate for indexing or
extracting purposes, and yet be much faster and more reliable than the complete
analyzer. The new experiments were to be patterned in general after the 1966

1-5

LOCKHEED PAL.O ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKMEED AIRCRAFT CORPORATION

?
s
=
;
?

PRIV PPN




experiments, but were to aim toward an extract rather than an index. Progress in
the development of such an algorithm is discussed in subsection 2. 3.

1.3 PHRASE STRUCTURE IN SPECIALIZED INDEXING PROCEDURES

There are certain specialized texts in which information is tightly packed for which a
very detailed or thorough or deep index is needed for use in an information retrieval
system., For such an index, reduction of the size of the index file may not be a goal

at all. Thorough coverage is the objective., A parsing program such as that developed
for the sentence dictionary experiment is useful for formulating such an index by virtue
of its ability to isolate noun phrases from the verbs and structural words in the sen-
tence. Each noun phrase represents a basic thought to enter in the index, and then

the words of the noun phrase can be separated or permeated to give other index

entries,

The testing of this idea on an AMA-published listing of diseases and their character-

istics is described in subsection 2. 4.
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Section 2
1968-1969 PROGRESS

2.1 SYNTACTIC ANALYSIS PROGRAM

The BPHRAS syntactic analyzer, which was described and documented in last year's:
annual report (Ref. 2), will be redocumented in this report (subsection 3. 1) because
substantial changes and additions have been made in the interim. The changes have
resulted from more extensive testing of the parsing algorithm and the computer pro-
gram which implements it, They are discussed in this section, The additions result
from the development of an extracting technique utilizing syntactic information. This
technique and the necessary additions to BPHRAS are discussed in subsecticn 2. 3.

If Ref. 2 is not readily available, a brief description of the function of the BPHRAS
parser or syntactic analyzer is found in subsection 1.1 of this report. No changes in
the purpose or function of BPHRAS have been made. The changes reflect a refining
of the methods of resolving structural ambiguities. For example, an original rule in
the identification of infinitives stated that in the case of both a possible noun phrase
and a possible verb phrase following the word "to," unless the first word of the noun
phrase was a plural noun, an infinitive was to be defined from ''to" through the verb
phrase, and the noun phrase was to be shortened or eliminated accordingly. For
example:

VBP* VBP*
— — .
to Lsupport good schools ' is
NAP*
NFP NAP
) LA
resolved to be to support good schools '
2-1

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHKHIED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATIOM

e




This rule has now been amended so that if the verb phrase possibility is followed by
an unambiguous conjunction and another verb parase possibility, an infinitive will be
defined through the second verb phrase. For example:

VBPp* VBP*
T 1 I 11 2 ]
to help and support the family
1 ) L ] { J
NAP* NAP* NAP*
is resolved to be
NFP NAP

'to help and suppom‘.j "the family'

The testing of the rules began in 1967—1968 and was continued through the first half
of 1968—1969, with three objectives in mind:

(1) Eliminate all program errors

(2) Locate the words commonly in the data base which are assigned the wrong
part-of-speech possibilities by the POS pregram, so that these could be put
in a special dictionary

(3) Eliminate as many of the weaknesses in the rules as possible

As the tests were continued, the data set was gradually increased. Since a change in
one part of the program may affect another part, each set of changes should be tested
on the entire data set. Therefore, each cycle of improvements was more time con-
suming, and the rule of diminiching returns was encountered. In general, as the
accuracy of the assigned structure increases, the errors are found in more and more
obscure or difficult areas of English grammar and the difficulty of correction in-
creases. The accuracy objective was set at 97%; that is, a 3% error rate was to be
allowed. The error percentage was calculated by dividing the number of incorrect
elements in the phrase structure strings by the total number of elements. Work was
terminated when this goal was met for a total group of about 175 sentences, actually
tested in several separate runs,
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2.2 THE "SENTENCE DICTIONARY" EXPERIMENT

Since the part-of-speech strings proved to be an inadequate syntactic representation
of a sentence, for sentence dictionary purposes it was decided to use a simple
phrase structure representation (See subsection 1.1.) As soon as the BPHRAS
program for assigning such a structure had reached a satisfactory point in the devel-
opment (subsection 2.1), five of the chapters in the data base were processed and the
phrase structure of the sentences was stored on magnetic tape.

To discover the degree of duplication of structures among these sentences, or others
in the data base, two more computer programs were needed. The first of these weuld
sort files or files of sentences so that sentences of like phrase structure are together.
The second would examine contiguous sentences and print out sentences with an exact
duplication of phrase structure. The first of these programs has been written as a
set of control cards for the IBM generalized SORT ronutine, and these cards are listed
in the documentation (subsection 3.2). Since the sentences are variable in length, the
sentence records output ky BPHRAS are also variable in length. To cover the longer
sentences, the length of vhe field upon which the sort is to be made is set at 100 bytes,
which means that the field will extend into the EBCDIC representation of the sentence
for many sentences and wili actually extend beyond the record length for some.
Although nothing in the SORT manual indicates whether or not this will interfere with
the SORT, it has worked satisfactorily. It does mean, however, that on occasion
sentences of like structure are separated because the SORT program cannot distinguish
the EBCDIC from the phrase structure sections. For example, see the arrangement
below:

(1) NAP VBP PU KILROY WAS HERE.
(2) NAP VBP PU NAP PU THERE WERE....
(3) NAP VBP PU VERY FEW CAN DECIDE.

In such a case, the program which checks for exact duplication wili miss the duplica-
tion of (1) and (3). For the moment, this problem wiil be ignored because it can
resuit at the very worst only in the loss of the duplicate preceding and following the
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intervening sentence. If the sentences preceding and following (3) are of the same
structure, none of the sentences will be lost.

The second program, for selecting and printing duplicacte phrase structures, is an
adaptation of the program DUPPOS which extracts and prints sentences with duplicate
part-of-speech strings. This program, DUPPHRAS, is in checkout. In the midst of
the checkout, it has been decided to extend the scope of DUPPHRAS to check for and
omit from the printout any sentences whose phrase structure and words are both
identical.

The five chapters processed by BPHRAS have been sorted together. DUPPHRAS will
be run to extract duplicate phrase structures. This output will be checked for the
prevalence and extent of duplicated sentence patterns and the degree of consistency

of index codes within a given sent:nce pattern. Then the remaining four chapters will
be processed by BPHRAS and added to the sorted file., DUPPHRAS will again extract
duplicate phrase structures so that the resuits for 5 and 9 texts can be compared and
the possible utility of a phrase-structure dictionary evaluated.

2.3 FREQUENCY-SYNTAX EXTRACTING EXPERIMENT
2,3.1 General Principles

Upon reviewing the 1865 work on using syntactic and frequency criteria to form a
two-level index (subsection 1.2), it was decided thai a siiailar but simpler scheme
might be used to produce an antomatic extract. Producing an extract was an attractive
idea because it seemed feasible to produce an extract which would adequately reflect
the content and which, unlike the automatic index, would rot require human editing.

The first experiment required five steps, each of which required some programming.

(1) All the nouns in the text were to be extracted with the nvmber of the sentence
from which they came, to form a list of word and sentence-number entries.
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(2) This list was to be sorted alphabetically on the word part of the entry.

(3) A frequency count of the words was to be calculated and the words ordered
by their frequency. Then all words with a frequency below a calculated
cutoff frequency were to be discarded.

(4) The remaining list was to be sorted on the sentence nuraber part of the
entry.

(5) An extract was to be formed and printed according to an algorithm whose
input was to be the ordered words from step (4) and the SENDIC output of the
processing of the original text, in original sentence number order.

For step (1), an addition was made to BPHRAS so that, as each sentence was output
with its phrase structure, each nontrivial word of each noun phrase was output onto
disk with the sentence identification. The necessary additions ar¢ documented in the
ne. BPHRAS flow diagram, subsection 3.1, In step (2), the reordered list of words

is stored on magnetic tape, from which it is referenced for steps (3), (4), and (5).
Steps (2) and (4) are implemented by using the IBM SORT program; control cards are
given in subsection 3.4. Step (3) required a new program, EXTRACT, documented in
subgection 3.3, and step (5) a new program, PRNTEXT, documented in subsection 3. 5.

2,3.2 Original Algorithm

Of the five extracting steps, the crucial ones are (3) and (5), and these are the steps
which have been subject to experimental change. The original algorithm for step (3)
was as follows.

The frequency count of each word on the list from step (2) is calculated and stored
(COUNT table), along with the position of the first occurrence of the word in the tape
file. The frequency counts are then ordered (descending order) and the difference
from one fruquency count to the next is calculated and stored (DIFF table) with the
addresr in the COUNT table of the higher frequency. The percent of each frequency
count of the total of all frequency cousts is calculated and stored (PERCENT TABLE)
with the cumulative percent and the address of the frequency count in the COUNT table,
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Four points in the COUNT table are then calculated and from these the cutoff point is
chosen.

® Point A — Point at which the cumulative percent is less than or equal to an
arbitrary value V1

® Point B — Point at which the largest difference in frequencies occurs

® DPoint C — Point at which the largest difference below B occurs

® Point D — Point at which the frequency value is equal to or just above the
largest frequency divided by 2

The four points are then ordered in descending order. The second point is taken as

the cutoff point if that point has a cumulative percent less than an arbitrary value V2 .

If not, then the third point is taken if it has a cumulative percent less than V2 . If not,
the fourth point is selected. All entries ir the COUNT table with frequencies below

the selected point are eliminated; then the retained entries are ordered by record num-
ber of the first occurrence of the word in the tape file. Finally, all occurrences of

each of the high-frequency words are read in from tape, to form a new and much shorter
list of word and sentence number entries.

Step (5) originally located and printed all the sentences whose numbers remained on
the list after execution of steps (3) and (4).

2.3.3 Evolution of the Algorithm

The chapter ""Basic Public Goals," from Competition and Monopoly, by Mark S. Massel,

was used as the test chapter for evaluation of the algorithm, In the first test, value

VI in step (3) was set at 40, and V2 was set at 50. This, with the original algorithm
for step (5), produced a printout of 178 sentences out of 479 sentences in the complete
text. Some of the sentences wezre trivial, but coverage of the material was very good.
However, 178 sentences were far too many. Two remedies were considered: changirg
step (3) to reduce the size of the list; or changing step (5) so that of the sentence num-
bers in the list, only those sentences with more than one high~frequency word would
be printed, The latter remedy was chosen because it produced less deterioration in
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the coverage than reducing the size of the list. This was because in order to signifi-
cantly reduce the number of sentences output in step (3), the number of high-frequency
words retained would have to be <ropped from 7 to 2. Choosing only those sentences
with more than one high-frequency word dropped the number of sentences from 173 to
53. There was, of course, some loss in coverage. For instance, the significant
sentences dealing with problems in handling the economy of agriculture dropped from
5 to only 1, in which "small farmers and small business' are mentioned together.

Examination of these results showed that dropping one more high-freauency word
would affect the coverage very little. Dropping V1 in step (3) from 40 to 10 accom-
plished this, and the number of sentences then output in step (5) dropped to 48 sen-
tences. This meant we had about 10% of the sentences, with good coverage, and only
about 7 undesirable sentences in the output.

Since 48 sentences were still a good many to read, and because an even higher per-
centage might be selected on another text, it was decided to modify step (5) again,

with the idea of increasing selectivity and decreasing repetition. This time only those
sentences were to be printed which contained more than two high-frequency words, or
two high-frequency words if it was the first occurrence of that pair in the text. OQutput
from this test was very encouraging. Eighteen sentences, about 3.89 of the text, were
printed, and they were all desirable, with high information content. Twelve of the 18
sentences (two-thirds) were those categorized as "indexible" in the beginning of the
sentence-dictionary experiment (subsection 1.1), Since only about 45% of the sen-
tences had been categorized as indexible in the previous run, this represented a 21%
improvement by the only objective measurement we have. Figure 2 shows the extract
produced. Sentences categorized as indexible are preceded by an I; others are pre-
ceded by an N,

The algorithm will now be tested on other data; further modificaticns will then be
considered if necessary, and the entire data base will be retested.
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2.4 MEDICAL INFORMATION RETRIEVAL

During the past year, the routine for preparing a list of possible index terms from the
book Current Medical Terminology (Ref. 5) was completed, adapted for use with the
DIALOG information retrieval system (Ref. 6), and documented. (See subsecticn 3.6.).
Several interesting tests of retrieving data from this system were completed.

Current Medical Terminology lists diseases with their attributes, e.g., synonyms, ’
etiology, symptoms, signs, complications, diagnostic laboratory and x-ray tests, and
pathology. The index preparation routine extracted the full phrases entered in the book,
like "'dilation of the blood vessels," and also the constituent nuun phrases, like "'dilation"
and '"blood vessels," and also the constituent nontrivial words of noun phrases, like
"blood" and 'vessels." Att.ched to each index item was a code for the type of entry
(e.g., disease name, or synonym, or sign, or symptom, etc.) and for the number of

the disease with which it was associated. Figures 2a and 2b of Ref. 2 give ar: example
of the index phrase formation. Subsection 3.5 of this report documents the program,

The index phrases were alphabetized and a portion of the list (entries of types, disease
name, sign, and symptom) was loaded into a file in the DIALOG retrieval system,*
DIALOG allows the user to formulate search requests via a video-keyboard display
terminal. The user enters desired commands such as 'begin search," "display,"
""expand" (find alphabetically near terms), ''select," or "combine" by depressing keys
on the keyboard. The computer responds by building sets of data in the computer for
reference, or by displaying or printing such sets. Under this system, a user expand-
ing DS (disease)/pancreatitis will see displayed among other terms DS/pancreatitis,
interstitial and DS/pancreatitis, hemorrhagic. He may then select one of these for full
display. A user may select and combine signs and symptoms to formulate a request
for the set of all diseases with a combination of limitations. For example, he may
form a set of all diseases with signs or symptoms of [loss of weight] and [(dryness
or dry) and skin] and not [pallor]. Because of the method of {crming the index,

*Programs for executing this loading were prepared by Dexter Schultz, Organization
19-43,
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which provides a very thorough multilevel index, and because of the versatility of the
DIALOG search, an impressive narrowing of the disease possibilities associated with
given symptoms is possible,

To test the possible quality of the retrieval, attempts to answer questions on the state
medical board examination were made., The first question on one test was "Describe
a grand mal epileptic sign and differentiate it from a major hysterical attack." Ex-
panding the possiule item "DS/epilepsy' gave epilepsy, grand mal as the seventh

item, which was selected, displayed, and printed. "DS/hysteria" gave hysteria,
hysterical, and hysteric personality as the fifth, sixth, and seventh items. Combining
these by means of an "OR" operation showed them all to refer to a single entry, which
was selected, displayed, and printed. Since each disease entry includes signs and
symptoms, the answer to the first question can be read directly from the printout.

Questions regarding physiology or treatment could not be handled because this infor-
mation was not recorded in the file, The most difficult type oi question with‘n the
scope of the file was one on differential diagnosis. ''A young adult male has anorexia,
vomiting, and mild continuing nausea for 3 days. He then notes dark urine and light
stools. Discuss clinical and laboratory differential diagnosis." Combining anorexia,
vomiting, and navsea, as either signs or symptoms, in an "OR'" set, yielded 471 dif-
ferent disease citations. There were 32 citations with an eatry -f signs or symptoms
containing "stools" and two with urine, one with "urine dark'' and one with "urine
darkened." Combining all these (471 + 32 + 2) in an "and" set to give "(anorexia or
vomiting or nausea) and (urine dark or darkened) and stools" gave no citation at all.
Dropping '"'stools from the requirements did not help. Combining (anorexia and
vomiting and nausea) and (urine dark or urine darkened) yielded one citation, which
turned out to be hepatitis, homologus serum. Coi.bining (anorexia and vomiting and
nausea) yielded 46 other possibilities, such as mesentery cyst and cirrhosis of the
liver. From the printouts, distinguishing lab and clirical tests could be extracted for
the answers to the test question. It is likely that hepatitis is what the examiner had
in mind since it is the only one in which the symptom dark urine shows up in com-
bination with the other symptoms. Unfortunately, though the symptoms of infectious
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and serum hepatitis are identical, the data source Current Medical Terminology failed
to list the symptom darkened urine under infectious hepatitis while it dil list it under
serum hepatitis. This points up the dual nature of ar adequate evaluation of the use-
fulness of such a retrieval system. First, is the data source adequate or can it be

made to be adequate? Second, given a good data base, are the index formation, file

generation, and retrieval tools adequate ?
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Section 3
DOCUMENTATION

3.1 BPHRAS PROGRAM

BPHRAS was documented in last year's report (Ref. 2), where there are sections on
description, input and output format, theory, tables, and a flow diagram., However,
since changes have been made in the logic, the corrected flow diagram will be included
here, and it will also include the additions made for extracting purposes. These addi-
tions involve the output of possible index words (subsectién 2. 3) which come out on
disk because both tape units are in use. Output is performed by a logical IOCS module
called LLEIWRD which in turn uses IOCS module IJGFOZZZ, Records of 25 bytes
each are put out on disk in a block of 1633 bytes. The first 22 bytes of each record
are the EBCDIC representation of a word; the last 3 bytes contain the page and sen-
tence number, 2 bytes for the page numbe: in binary, right justified, and 1 byte for the
sentence number. This is the same information as is contained in fields 2 and 3 of
the phrase structure output of BPHRAS.

After BPHRAS is run, the possible index words must be processed further. They are
taken from the disk, sorted into alphabetic order, and stored on magnetic tape. (See
subsection 3.4 for the SORT control cards.)

The new BPHRAS flow diagram is shown in Fig. 3.

3.2 PHRASE-STRUCTURE SORT

After the BPHRAS program has processed a text to produce a tape with the phrase

structure of each sentence (Ref. 2, subsection 5.3), we may wish to examine the
similarity of structures within that text. To do so, a program is needed to sort the
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Fig. 3 BPHRAS Tlow Diagram
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Fig. 3 BPHRAS Flow Diagram (Cont.)
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-
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R4 by nor, and, or?

;
1s the VBP imraediatel) Y
preceded by rwr, and, M4
No
Tromsmvirm Swore K12 over old N2
{ st 120 vi - 1 bola N2 5 V2P Ll il Y B ﬂzxf::‘s‘f:" ! ot worde s e (ot escion tron R, wis, B¢
Yo aad pew NI = N2 it ididd ww NAP words in the VBP | JRotwrn K14
Store R12 over oid N2 ’
Fig. 3 BPHRAS Flow Diagram (Cont.)
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LA

Set to scan foc participles
Set RS to firs: POS sddress
Set RY to z¢:0 for word index

i

Does POS at R$ nclude NG? >

}M

No @ } o

‘Stop RS by 3 and RS by 1 for
next word and test R9 =

Set REGC 1o the
address of the NAP

Are the first and
last words of the
noun phrase the
same l.e. isthe
MG the only membar,
\Of the NAP?

1s the NG the first
word, or is it preceded
by a preposition or by

punctuation? 4

1

0 ®

O\ NVORDS ‘

@ {18,

( Does POS at HS inctude PP? >———

Set TEMP = 0

Is the PP3° PTZ,
or member . . noun
phrase or memw et of
an unambiguoie verb
phrase?

®

Lsn R1 to the phrese address of NAP_]

g No
Yos
< Does NAP start with the Lat wordv>->
I~ ()

I Set RT to POS of word preceding NAP ]

iNo

Doea the POS at R7 include CJ? >

'No

< Does the POS at R7 Include PR? D

Yes

' No \Yes
Remove NAP function 71
from the NG ana the Initialize a scan from PP to
PT3 function end of sentence Save RS, R9
in SAVESS
Restore RS, Yes Step R6 by 3 wnd R¥ by 1,
from s.ulrtgasm | aaaEEE— to the next word, and check
1f at end ol sentence
l No
Restore RS, R9 Yeos
from SAVESS oes FUNCTICN at R9 include VBP'D

‘No

< Does FOS at RS (nclude PU or CJ?

No

§ Yor

Restore RS, R9
from SAVER9

l

v @

Y2 s this PP aleo an AX? >

Set REGD to aouress of
the PP VBP, Also check
if the PP is followed by
4 period

Set PP = PT3.
Remorve the VBP
marks from all  feem to @

s of the

vBP

Call the TSTVBP
subroutine to determine
i there are cther verb
phrases in the sentence

[set TEMP - 1}

Initislize a scan back
through the sentence
from the PP. Set R7 = RS,
REGC - R% Set CJLOC = 0,

®

Reduce REGC by 1 and R7T by 3
to the previous word. Test at
the beginning of the sentence

poes POS at R tnclude PU or PR»E:———-———-

Ny

N0/ "Does POS at K7 include CJ? >

{(Does TUNCTION at REGC include NAP or TNAPD-YL— o
i‘do

Yo,
-(DOOI FUNCTION at REGC include VBP ot TVBP?)

Yes

Is CJLOC = zero?

1s the CJ whose index
‘s in CJLOC either "and"
or'er?

Fig. 3 BPHRAS Flow Diagram (Cont.)
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INTERP SUBROUTINE

LCI.&! ADDRP # zero ]

Step by

chack if R13 points
16 & hexadecimal
NERY

No tiss current word hav
fumction ?
21 Yoo Ramm nﬁ?. R4
m
Call INTERP Pt the address of azy NAP
subrowting (o interpret r—e] into R12 and the address of
the 3 byte POS code &t any VBP into R13
the address in RY and
store the EBCDIC codes
at the address in K7
Is R1Z = 07 i.e.,is
} there no NAP?
bianks at
22
Step RS by § AD| Y SN Store R1Z in
and B8 by 3, Doss ADDRP ADDRP
to the next
word Yeos ‘
Subtract 3 from 1o
Calculate the number v pecetoad 5 and 1 from B8 @
of bytes used to stote o to previous word
:nmﬂc lml'hla ‘
store fn R13. is NAP,
Caleulats the constant N 7P e
5 (NWORDE) and store Move the letters | Yes / Does the FUNCTION of
. in R12 NAP into owtput M include TNAP or
record NAP?
Ri2 = RI2- X t g X END
e raiter ‘ Rep X7 by 3 Does the FUNCTION OF Close SENTFLI,
than zero RS include NFP? SENTFLO files u,
>0 «0 §<0 Move the lecters ..__“‘,.._.__J lNo
NFP into output You No
Sore bianks in Add R12 to R7, record Move the letters
the output rocord, sffactively truncating VBP into output Reduce the value
count of blanks {8 the munber of bytes record  ° in COUNT and cheek =
in R12. Thus the stored to 3 (NWORDS)
nwmber of bytes i
stored is raissd 1o
§ (NWORDS). dtep Compule location and
R7 by the cout longth of the sentence Calculate the tetal
- iteelf in the input record number of bytes
and transier the stored and store Write ost PROCESED
to the address given at R7} this swaber 1n onto output ilg
Sap R7 by the sentence FPROCESED
byts count T

rig. 3 BPHRAS Flow Diagram (Cont.)
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records (each record corresponds to one sentence} according to their phrase struc-
tures. The records and their fields are variable in length, but the structure field,
which is also the field of the SORT, always begins in the same place. The length of
the SORT was successfully set at 100 bytes, an adequate length for longer records.
The fact that this makes the SORT field extend beyond the record for shorter sentences
does not seem to have caused any problem in SORT, although it affects the results as
noted in subsection 2. 2, ';‘he control cards for one file are as follows:

// JOB SORT BPHRAS PHRASE OUTPUT

// ASSGN SYS011, X'191'

// ASSGN SYS002, X'181'

// ASSGN SYS001, X'180

// VOL SYS011, FILEW

// DLAB 'SCRT WORK AREA 1094737', C ,
001, 68000, 68100'; DA

// XTENT 1, 0, 000010000, 00198008, '094737', SYS011, O

// EXEC DSORT

RECORD TYPE = V, LENGTH = (1500, 1500, 20, 1000)

SORT FIELDS = (10, 100, A), FORMAT = BI, FILES = 1, SIZE = 500

INPFIL INPUT = T, BLKSIZE = (2000) '

OUTFIL OUTPUT = T, BLKSIZE = (2004)

OPTION PRINT, LABEL = (U, U)

END

To sort n more files, assign SYS003 through SYS00 (3 + n - 1) to X'181', Change the
FILES entry in the SORT card and add OPEN = NORWD and CLOSE = NORWD to the
INPFIL card.

3.3 EXTRACT PROGRAM

Function: The EXTRACT program carries out task 3 listed in subsection 2. 3; that is,
it calculates the frequency count of the possible index words output by the BPHRAS
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program (subsection 3. 1) and ordered by an EXTRACT-SORT program (subsection 3. 4).
It then calculates a cutoff point based on these counts and discards all words with a
frequency count below this point. The remaining words are output with their page and
sentence numbers. The flow diagram is shown in Fig. 4.

Input Format: Alphabetized words on magnetic tape, one word per logical record,
packed into a 1625-byte physical record. Each logical record is 25 bytes, 22 bytes
for the word (padded with blanks) and 3 bytes for the page (first 2 bytes) and sentence
number (last byte). Page and sentence numbers are in binary, right justified.

Output Format: Exactly the same as the input format, although the file is shorter.

Logical IOCS Modules: LLEEXTI and LLEXTO, the former reading from SYS008, the
latter writing onto SYS009.

Buffers and Tables:

CURRENT — 25-byte current LLEEXTI record buffer

HOLD — 25-byte hold record buffer

COUNT - Table with 4-byte entries, 2 bytes for frequency count followed by
2 bytes for the number of the record with the first occurrence of
that word

DIFF — Table with two-word (8-byte) entries, one word for the difference
in adjacent, ordered frequencies and one word for the address in
the COUNT table of the higher frequency

PERCENT — Table with three-word entries, one word for the percent of this
frequency of the sum of all frequencies, one word for the cumu-
lative percent, and one word for the address of the frequency in the
COUNT table.
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k aga

Read & Tecurd into
CURRENT and
tramsfer to HOLD

1

Initislizse

R = 1 for (requency ooust
R - COUNT for storags

RS = 0 for record mumbr
RO = 0 for mmber of eniries

to EOY

Are {ivet 22 bytes
of CURRENT and
HOLD equal?

Store R4 and RS in
the COUNT table

Step Ry, RS, RE
and oot R4 back to 1.
Transler CURRENT
to HOLD

Branch to subroutine
ORDER to put COUNT
table tn descending order

on
return

Comstruct the DIFF table, storing
trequency diffsrences with the
address of the higher [requency

T

Construct the PERCENT table
storing percent of total [requency .|
ocumulative percent, and address
of frequency In COUNT tabie In
calculating percent, Tound up to
naxt percent after divielon

1

Calouiate and store VALVEA,
the COUNT address of the
(requency whosse cumuletive
percent |9 less than the vajue
In CUTPCENT Thie entalls
seirching the PERCENT tsble,
COUNT address is picked up
directly from this table.

T

Caloulats and store VALUEB,
the COUNT address of the
{requency F, correspondirg to
the lergest drop in frequency

(Fp = Fpyy maximum) Thia
entalle searching the DIF F table
keeping the largest difference
sncountered in LRODIF untt! the
entire DIFF table s scanned
The DIFF addreas of LRGDIFF
18 kept In TEMP and the number
of remaining entrise in DIFF
table is kept In TEMP + 4

'

Fig. 4 Flow Diagram for EXTRACT Program
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|

Calculate and store VALUEC, the COUNT
sddross of the frequency F ., below Fp, .y
of VALUEB, corresponding to the next'
largest drop in frequency. This entails
searching the DIFF table starting ut the
address in TEMP through the mumber of
ontries in TEMP ¢+ 4

l

Caloulate and store VALUED, the COUNT
sddress of the frequency equal to or just
greater than the bighest frequency divided

Store VALUEB .Y"<

to 1

Store VALUEC | Yes
in VALUE

by 2
)

Order the 4 values VALUEA, VALUEBD,
VALUEC, VALUED in deacending order

[ a—

Match VALUEB with CC UNT addross
in PERCENT table untt1 ‘n exact
match occurs. Pick up th. cumulative
percent at this point. Ia it leas than

decided upon?

in VALUE
\ the arbitrary cumulative percunt

iNo

/ Scan back (toward lower core) from

this point in the PERCENT table to
that at which VALUEC matches the
COUNT address. Pick up the cumu-
1ative perront at thin point. Ia it less
than the arbitrary cumulative percent
decided upon?

}No

| store VALUED tn vALUE |

of freq

antrics to be retained. Npp =
{(VALUE-RC COUNT)/‘)% le"
RCCOUNT 18 a register containing
the addrese of COUNT

{

Yor ne firet N enirtes in
COUNT, QCM%EBTA{NIM second
halfwords so that the record # 1s
first and the frequency sacond. Order
theas entries in desconding order.

!

Open file LLEEXTI for reading
once ugain the index words, rnd
the fila LLEEXTO for putting

some of tham onto another taps.

!

Set to start with the lowesi of
the NRETAIN Values tn COUNT,

!

Put record # in R6 and frequency
in R6. Bkip R5 records. Read

No

Fig. 4 Flow Diagiram for EXTRACT Program (Cont.)

from LLEEXTT and write on
LLEEXTO RS records.

!

Step to next higher value in
COUNT table and check if gone
beyond beginning of COUNT
table.

} Yes

Close {lles and
terminate
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3.4 EXTRACT SORTS

R )

There are three sorting programs necessary for the extracting experiment, for
steps (2), (4), and (5) given in subsection 2.3. Control cards for each SORT program
are given below,

B T

Y cere,

// JOB SORT ITEMS FROM DISK

/7 ASSGN SYS005,X'192?

// ASSGN SYSO01,X*180°

// ASSGN SYS004,X'191°

// VOL SYSO01,FILED

// TPLAR 'INDEX WORD FILE  XXXXXXXXXXXXXXXXXXXX 68365 XXXXXX DUS36C :
0 ISLMSC? ’

// VOL SYSO04,FILEA

// DLAB  'INGEX WORD FILE 10947371, C
0001468100,68100, '4SD '

// XTENT 140,000002000,000197009,'0947371,SYS004,0 r

// VOL SYSO0S5,FILEW

// DLAB YSORT WORK AREA 1SSYS5021, c
0001,68100,68100," ' DA

// XTENT 140,000075000,000198000,'SSYS02¢,5YS005,0

// EXEC DSORT

SORT FIELDS=(1,224A) ,FORMAT=B1,FILES=1,SI1ZE=3000 |

RECORD TYPE=F,LFNGTH=(25)

INPFIL INPUT=NyBLKSTZE=(1625,X)

OUTFIL SLKSIZE=1625,0UTPUT=T

OPTION PRINTyLABEL={UyS)

END

Step (2) to sort the index words into alphabetical order and move the file from disk to
tape.
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// JOB SORT QUTPUT EXTRCT INTO SENTENCE ORDER

// ASSGN SYS005,X*191¢

// ASSGN SYS001,x'131"

// ASSGN SYS002,Xx'181!?

// VOL SYSOO5,FILEW

// DLAB 'SORT WORK AREA 1094737°*, c
0001,68100,68100, ! t DA

// XTENT 1,0,000160000,000198008,'094737',SYS005,0

// EXEC DSORT

SORT FIELDS=(23y34A) yFDORMAT=B],FILES=1,SI2E=800

RECORD TYPE=F,LENGTH=(25)

INPFIL INPUT=T,BLKSTIZE={1625,X)

OUTFIL OQUTPUT=T,BLKSIZE=1625

OPTION PRINTyLABEL=(UyU)

END

Step (4) to sort a tape file of index word — page and sentence number — records into
order by page and sentence numbers. (Tape file as output by the EXTRACT program,)

// JOB SORT SENDIC OUTPUT BACK TO PAGE~SENTENCE ORDER ,
7/ ASSGN svsoos.x'191'}_ CAroce. J~M4JA74L¢)4¢¢hu¢2244)4iza4é>
// ASSGN SYS005,X*192"
/! ASSGN svsooz.x'leo'} Chotan é"mﬁi;/édl b17a~.3’
// ASSGN SYS0024X*181°
// ASSGN SYSO01,X'180'}
/7 VOL SYSOOS,FILEW ,
// DLAB  YSORT WORK ARFA 10947377, c
0001,68100,68100," 'yDa

// XTENT 1,0,000160000,000198008,'0947374,SYS005,0
/1 EXFC DSORT

SORT FIELDS=(6934A) yFORMAT=BI,FILES=1,SI2E=750

RECORD TYPE=V,LENGTH={1500,41500,20,1000)

INPFIL INPUT=T,BLKSIZE=(2000),0PEN=NURWD

OUTEIL OUTPUT=T,BLKSIZc=(2004)

OPTIUN PRINTyLABEL=(U,U)

END

Step (5) to sort a tape file of sentences (as output by the SENDIC program) into order
according to the page and sentence numbers.

3.5 PRNTEXT PROGRAM

Function: The F "NTEXT program carries out task (5) listed in subsection 2. 3; that

ig, it does the actual forming and printing of an extract. It uses two sources of data:
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(1) a set of high-frequency words produced by EXTRACT and then ordered by sen-
tence number and (2) the SENDIC output of the processing of the original text, in
sentence number order. At the present time, PRNTEXT is set up to extract from the
first data source all sentence numbers which have either three or more high-frequency
words or two high-frequency words if it is the first occurrence of that pair together in
one sentence. (In keeping track of pairs in a sentence, every word after the second
word is paired only with the first and second words; therefore, for sentences with

four or more words, not all possible pairs of words are linked.) It then looks up

these sentence numbers in the second data source and prints the sentences. The flow
diagram is in Fig. §.

Input Format: See output format of EXTRACT.

Output Format: Output is on the printer. Each sentence is prefaced by a line in which
an N or I is printed, for nonindexible or indexible, and a number giving the page and
sentence number of the sentence. A constant was added to the page number to indicate
the text. An error in the assignment of these constants has made the page and sen-
tence number meaningless for some texts.

Logical IOCS Data Modules: SENTFL is usad to read the sentence tape from SYS002,
It reads variable size records, blocked 2000, and goes to EOFROUT on end of file.
LLEEXTI is used to read the word-sentence number items from tape SYS008. It
reads 25-byte records blocked 1625 and goes to EOF on end of file. PRINT is used

to print the sontences on the printer from buffers whose address is passed to PRINT
in register 3.

3.6 MEDLIST PROGRAM

The MEDLIST program documentation has been organized as follows:

® User's Documentation

A. Purpose
B. Input Description
C. Program Description ~ General
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Bet SXIPBR
not to skip
read next lime

Open (|
LLEEXTI,

1

Clet an extract
- word into WORKA
£O! (LLEEXTI file)

SENTFL,
PRINT

i

8ave WORKA In SAVEA

SAVWRK subroutine)

Get an extract word
into WORKA.

Are the sentence numbers
ia WORKA and SAVEA
buffers identical ?

‘ Yea

Branch to the UPDATEL sub-
routine with 15 set to WORKA.
1t will return with.R15 set to the
addreas in LIST buffer of WORKA
word and will have added the word
1€ (t wasn't already thare,

8tore RIS in TEMP

Branch to the UPDATEL sub-
‘routlne with R15 set to SAVEA.
it will return with R16 set to
the address in LIST buffer of
SAVEA word and will have
sdded 18 Lo the lat f necesssry.

Store RIS In TEMP + 4

If TEMP ls greater then TEMP + 4,
exch.age ihom, Load register RR

with address of TEMP,

1

Branch to the STPAIR subroutine.
This will add the iwo-word pair
whose addiess s In reglster RR

(o the table of pairs (PAIRS) If it

1s not there niready. If it is there,
RR will be set to 0.

if {4
RR=0 RR =0

Is SKIPBR set
o skip read?

Set 2W = ! (Yes)

‘No

Get

into WORKD .
BENTFL filey | EOF

asentence | . Dump an error

buffer

Compare the aentence ¢ in WORKB
with that in SAVEA

~Q

UPDATEL

To call:

UPDATEL subdroutine

LA R15. address of word

BAL Ri4, UPDATEL

Store R7 and RY
for subroutine use

.

Move word
{rom R13

sddress to
R7 address

t

Load RS
{rom R?

I

Step RT hy 22
and store In
NXTLST

!

Load Ri3
{rom R8.
Restore R?

]

Load P8 with
beginning of word
list (LIST) and R?
with end (stored
in NXTLST)

Is R8 < R7

Compare input word
with word at RS in
LIST. Are they
identlcal ?

and N6 and
return

Step R4 by 22
to next entry
wn LIST

| I

Yen

Branch to BAUBPRINT (o primt the
index code and sentence -page
rmumber from WORKB anmd print
the sentence 170 bviea at a time .

[ W T,

et an enlract

word [ntn WORKA

oqual ] !re-ur

Set SKIPBR
1o ship
aentence read

Demp SAVEA

Fig. 5 Flow Diagram for PRNTEXT Program
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yocs the sentence
number in WORKA
equal that in SAVEA?

‘ Yes

Does SW =17 No
{Yes)

’NO

Branch to SUBPRINT to
print code, sentence #
and sentence from WORKB

{

Set SW =1

Y

Set R15 to WORKA and
branch to the UPDATEL

No

to@

subroutine to update LIST .
buffer if necessary.

Y

Store R15, the address of
WORKA word in LIST in
TEMP + 12 and TEMP + 20.
Put TEMP into TEMP + 16.

!

If TEMP + 12 is greater
than TEMP + 16, exchange
them. Set RR = TEMP + 12,

!

Branch to the STPAIR subroutine.,
This will add the 2-word pair at
TEMP + 12 to PAIRS if necessary.

!

Move TEMP + 4
to TEMP + 24

If TEMP + 20 is grea‘er
than TEMP + 24, exchauge
them, Set RR = TEMP + 20,

<

Branch to the STPAIR subroutine.
Tnis wili add the 2-word pair at
TEMP + 20 to PAIRS.

'
to@

STPAIR subroutine

To call~ L

BAI

STPAIR

—

Move address-
pair from RR
to R15

Steo R15 by 8
and store in
NXTPAIR

Restore R14
and R15 and
return

RR, address of an 8 byt
area containing
2 LIST addresses,
4 bytes each

Ri4, STPAIR

Store Ri4 and R15
for subroutine use

Load Rl14 with
heginning of
PAIRS table and
R15 with end
\atored in
NXTPAIR)

Is R14 < R15?

Ia pair of addresses
at RR equal to those
at R14?

Yes No

RR © Step Ri4 by 8

L |

Fig. 5 Flow Diagram for PRNTEXT Program (Cont,)
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D. Program Operation
E. Output Description
F. Core Storage
G. Timing
H. Language
I. Control Cards and Setup
J. Error Dumps
® Internal Documentation
A. Overall Program Operation (with concept flow diagram)

B. Program Modules
1. LLEMREAD Subroutine
2. MEDLIST, main program
a. Macros used
b. Detailed flow diagram
c¢. Internal subroutine MPOSB, description and flow diagram
d. Internal subroutine CHKEND, description and flow diagram
Internal subroutine FILLBUFF, description and flow
diagram
3. 1I0CS file definition parameters

3.6.1 User's Documentation

A. Purpose: This program is designed to process the information of the AMA listing
of diseases with their etiology, signs, sympioms, etc., so that the information can be
more easily used in a retrieval system. In its present form it prepares a magnetic
tape of medical phrases, recorded in a format acceptable for input to the program in
the NASA retrieval system which prepares the inverted file.

B. Input Description: The AMA tape consists of 80-character records. Each record
begins with an 8-digit number (col. 1-8); the first four digits give the disease number,

the fifth digit gives the category of information on the card, the sixth digit gives the
number of the sentence within the category, and the seventh and eighth digits give the
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number of the card within the sentence. (Except in category 0, sentences are termi-
nated by a period.) The categories are as foliows:

Category No, Letter Code Meaning
0 DS disease
1 AT alternate term
2 ET etiology
3 SM symptoms
4 SG signs
5 CM complications
6 13 lahoratory tests
7 XR X-ray tests
8 PA pathology
9 RF references

(Letter codes are given here because they are used in the cutput.) On most cards
(category 2-9), columns 9-20 are blank and information is punched in columns 21-80
or a portion thereof, starting always in column 21. Category 9 has a code in column 9,
usually an A, Categories 0 and 1 may or may not have a letter code in column 9, e.g.,
C for "see also," and may or may not have the numbers of the disease in other refer-
ence systems in columns 10-19 or 76-80. These numbers may or may not fill their
field and may or may not contain special characters (leiters, hyphen, period). In
these categories, columns 21-75 can be blank. In category 0, there is no period
terminating the disease name, but in category 1 there is,

C. Program Description — General: The MEDLIST program reads the AMA input tape

descrined, processes it, selecting and outputting possible index items, each as a

separate logical record. It reads and processes one senteace at a time. Each sen-
tence is first broken down into constituent phrases marked in the input by #, €, or
other one-character delimiter, not alphabetic, and not a comma or period. Each
phrase is output as a possible index item, identified by its disease number and cate-

gory code. Each of the phrases is then examined and each noun phrase within the
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larger phrase is isolated, identified by the disease number and category code and
output as a separate record. Each noun phrase is then broken down into its constituent
words which are not adverbs, articles, adjectives, or participles, and each word is
output as a separate record, again identified by disease number and category code.
The index items are all prefixed by the category code and suffixed by the disease
numbers, as described in output format below. See the internal documentation for
details of sentence reading, phrase and noun phrase delimitation, elimination of

extraneous numbers or of duplicate items, etc.

D. Program Operation: The equipment needed for operation includes the card reader,
typewriter, printer, tape units 180 and 181, and disk 190 with the DOS system disk
mounted. Tape unit 181 is used for output and tape unit 180 for two kinds of input.

Part-of-speech information is needed to identify noun phrases., The algorithm which
assigns part-of-speech codes uses a dictionary for the parts of speech of special words,
and this dictionary is read in from tape on unit 180. The density code for this tape is
90, or 93 in core, and the density code for the AMA input, which is also read from

180, is 68 or 6B in core. Since under DOS the density of a given unit is not changeable
by program or control cards, it must be changed by keying in the correct 1 alue after
the dictionary tape rewinds, while the computer waits for tapes to be changed. To do
this push stop, key '6B' into location 16 AB, remove the dictionary and mount the AMA
input tape on unit 180, and push start.

To run the program, therefore:

Mount PA 58 on 180 and 4 scratch taye on 181.

Load the program from the card reader,

When PA 58 rewinds, remove and mount the AMA tape on 180.

Push stop, then key 6B info location 16AB,

Push start. Program will run until EOF is encountered on the input tape.

-

G B W N

The output tape will rewind and unload. Core will be dumped and control
will return to the DOS system.
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Normally, the AMA tape will be processed starting with the first recoerd. To start at
a given accession number, use a REP card to store the eight-digit number at START
in MEDLIST, and store the hex digits 4700 at ML30 in MEDLIST.

E. Output Format: As noted under program description, each index item is oufput as

a separate logi. .1 record. The logical records, to meet the NASA retrieval system
restraints, are 54 bytes long, with a blocksize of 1728 bytes. Items are truncated
or filled with blanks to conform to the 54-byte length. The first 3 bytes of each
record are the category letter code (see input description) followed by a slash, and
the next 47 bytes (4-50) are the index item. The last 4 bytes (51-54) of each record
contain the packed digits 810XXXX where XXXX is the disease number. This gives a
hexadecimal '810XXXXF'.

F. Core Storage: Total storage used by MEDLIST program, dictionary. ICCS, and
dump programs, about 28000 bytes. See the linkage editor output.

G. Timing: It takes 1 hour to process one full tape after the dictionary is read.
Allow an additional 5—10 minutes for dictionary reading and changing of tapes and

density.

H. Language: Assembly language with some self-written macros; logical IOCS used
for I/0. See section B2a and B3 in subsection 3.6. 2.

I. Control Cards and Setup:

// JOB MEDLIST
// ASSGN SYS005, X'180!
// ASSGN SYS002, X'180!
// ASSGN SYS003, X'181'
// OPTION LINK

PHASE MEDLIST, ROOT
INCLUDE
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MEDLIST object deck

LLEMREAD object deck (or catalog it)
// EXEC LNKEDT

// EXEC

Autolink will bring in $DUMP, $PRINT, LLEDICT, LLEMEDO, LLETPCI, IJFFZZZZ,

IJFFZZWZ from the DOS disk. See the section Program Operation for operating

instructions, page 3-24.

J. Error Dumps:

1. An unlabeled dump of the CBUFF1 area in LLETPCI (see linkage editor output for
address) will result if there is a tape errcv in reading the input tape. The error
will be ignored and the program will continue. Such a dump, followed by an un-
labeled dump of the SENTBUFF area, will also result if a sentence is so long that
the SENTMAP buffer is exceeded. The rest of that sentence will not be processed,
but the program will continue,

2. A dump of the SENTBUFF area labeled TRUNCATE will result if the BUFF area
for output is filled. The rest of the sentence will not be processed, but the pro-

gram will continue.

) 3. A dump of the SENTBUFF area labeled SENTBUFF will result if a sentence begins
with a word of less than eight letters. (Each sentence begins a new card.) The
entire sentence is skipped, and the program continies. If a sentence begins with
a word of more than eight letters, a blank is stored in the ninth ¢olumn to force
an eight-letter word, hecause occasionally the eight-letter number was run irto
the following disease code.

3.6.2 Internal Documentation

A, Overall Program Operation: The main progiam, MEDLIST, uses ihe subroitine
LLEDICT to read entries from the dictionary tape, LLEMREAD to read 2 sentence at

3-26

LOCKHEED PALQO ALTO RESEARCH LABORATORY

LOCKHEED M1 §5S5S11 S & SPACE COWP AN T
A GROUP DIYiSICH OFr (OGCKHEID AIRCRAFT CORSGRAIION

S Aol




PR e,

I

a time from the input tape, and LLEMEDO to write index entries on the output tape.
LLEDICT and LLEMEDO are file definition logical IOCS modules, using modules
IJFFZZZZ and WWFFZZWZ, respectively. LLEMREAD is a subroutine which reads
as many cards as necessarv to bring in a complete sentence, which it delivers to
MEDLIST along with a map giving the location and the length of each word or mark of
punctuation and the number of words in the sentence. LLEMREAD calls the file defi-
nition medule LLETPCI to read card images from the tape. LLETPCI uses module
IJFFZZZZ (as does LLEDICT), Overall MEDLIST operation can be depicted in

Fig. 6,

B. Program Modules:

1. LLEMREAD Subroutine

Calling sequence:

L 13, = V(MREAD)
BALR 14, 13

DC  Y(SENTBUFF)
DC  Y(SENTMAP)
DC  Y(NWORDS)

DC  Y(EOF)

SENTBTIFF is the starting address of the buffer in which the sentence is to e stored.
Currently it is a 1000-byte buffer in MEDLIST. "~ "NTMAP is the starting address of
the buffer where the location and length of each word is to be stored in the order in
which the words appear in the sentence. One full computer word is used for each
English word, the first half for location, the second half for length. There is cur-
rently an 800-byte SENTMAP buffer in MEDLIST, providing space for 200 words.
NWORDS is the address of the half word where the number of English words is tc be
stored. EOF is the address where control is to be transferred when the EOF is
encountered on the input tape, The LLEMREAD subroutire is shown in Fig. 7.
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B b o ar s o rtts ot 3 isArtsip et i giggesutopmmb aot gn

MEDLIST entry
BEGIN

LLEDICT file
opened

i

LLEDICT file records
are resd and stered
beginning at A

LLEDICT fiie closed

Last address of enries, number of smries
number of emtries to the next higher power
of 3, and the inittal lookup Increment for
binary search are caiculated and stored.

LLEMEDO file opened

LLEMREAD called (entry MI’FAD) Calling sequence
gives BENTBUFF whers sentence wall be stored,
SENTMAP where word locations and lengthe will be
stored. NWORDS where number of words will be
stored, and EOF, address for tranefer or EOF

LLEMEDO
tile closed

Return |
not EOF

Checks on record are performed and, if ML30
In set to NOP Instead of branch. the accession
mutmbers are checked sgainst START for each
sentence, with an immedtiate return to
LLEMREAD until they match. Then ML3O0 fs
set to branch around check and program
proceeds

to ‘
The internal subroutine MPOSB s

used here to assign parts of speech|
to ail the words in the sentence

Soarchk for & emnrma If there- is

one, rearrange the phrase, ‘

invorting srourd the comma, and

use LLEMEDO to put out as an All noun phrases in the s2ntence are

index item, omitiing the accession delined and the limits stored in NAPT

sumber If X, Y put out as YX. l

where sither X or Y may be more

than owe word. Yor | re this 1n the 4 1
gy 11 — b L]

]

e — .

8cen to a phrase delimiter or period
and put owt full pheuse or sentence with
a LLEMEDO call (except leave cut

No accession numbers)

’

No

Was the end of
phrase & period?

AN NAP pr od _1No i
No | Within this phrase {s there another |

separste noun phrase unprocessed 7
i Yea

NAP Put out the noun phrass with &
s LLEMEDO call, sxcept ieave
out accessiun #'s within phrase

i

Is there more than one word in noun
o phrase (or phrase If NAP = phrase)”

[ Yes

Put out each word in noun phrase
with 2 LLEMEDO call. except
participies ndjectives adverba
and accession numbers

phrase

""i Have sll NAP in NAPT been procuud?}'&‘

Yes

to (RFAD;

Fig. 6 Overzll MEDLIST Operation
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- twT

[

) ]

Set R6 to SENTAULF
N7 10 SFNTMAP
RS to end SENTMAP address
RA to NWORDS

f

Switch hranch (o Open
or to RFAD, inltially
to Npen

Openr LLETPCI file and set to
branch ai1ound open on subsequent
subroutine calln

l.-@)li... ..me.l..,, ) -

This 15 a reference,

Dosscol § A7

oxip It Yes
No to
Does col 5 02 ] RS3
Yes

Move 8 digit accession # iMo SENTBUFF
with the following blank and store location
amd tangth in SFNTMAP  Step RS, R7

Store col 10-20 in SENTBUFF ss a
word and siore location and length
Step R6 R7

18 col 78 80 blank »

ing blank Step R6 R

9§

ﬁovt & period iko SENTRUFY  atore
llnullon and length  Step R6 R?

lsxure col 76-50 as word with the fottow |
?

Add T8 to R11 to get the iast sidress
of the card image and store {n R14

Clear cofs 9 20 and 76 40 of the input
catd and atore a period in cot 76

(This will aT1ow the Misense nmme iv be
treated as a separate senience later ),

to RA16 to exit routine

Sore HEL address of the inpul card
Image n{l Set Hi4 1o (| plus T
amt stare 1n FNICL

l Load RUt from ¢ 1 and 14 (rom BNIXCE I

Fig. 7 LLEMREAD Subroutine
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R A R T . T R T rmrvmre—

£ol 80 Step R11 o next blenk or col w]

BLANK

Yes
Does R11 point to a non-slphs chlucter?]‘@

‘No

[ Restore R11! to point to blank of col DIJ
i

Set R11 = R1i - R10, 1 ¢ . length -1 of
word and blank

Move word ard blank into SENTBUFF and
store location and length into SENTMAP

Set R11 to next column -2, { ¢ ,
lust character word.

Yeos

Does R7 exceed 18, the lest SENTMAP addres

.No

_ﬂ'_{m.- RL1 point to a non-alpha chlrlcur'f]
‘No

Add 2 to R11 to set beyond blank lo
potential beginning of next word

-io-—-j 1s it a perfod or question mark
i or | tion?
‘ Yes

Add 2 to R11 10 set bevond blank nol

potemtial beginning of next word

' to

f Check If period etc. precedes col 20 | erf rap
il 80 it is not terminal

tNo
o Compute the number of words | (R7-sentence
map hegin) ‘4| and stors NWORDS
\ | Store Ril in CI and R14 in ENDCI
Restore registecs and return
col
@Fﬂv C1 to non blank or col 80

MNON BLANK

s RI0 Rit e 18 the pumtuation Jyes
the entire wora In which case 1t car
be treated as any word?

T~
Move the pundctination into P
to get 1t off the rnd of word

!

Fig. 7 LLEMREAD Subroutine (Cont.)
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Calculate the length -1 of word only.
R1l - R10 -} and move it into
SENTBUFF.

Add 1 to R11 to get length of
word and store loc and length.

Step R6, R7

Move a blank into SENTMAP
followed by the punctuation in P.

!

Store loc aind length of punctuation
and step R6, R7

!

Store location and length of
punctuation and Step R6 . R7.

!

Restore R11 to potential beginning of next word —
Ril = R1G + P11 + 2, i.e., beginning of word plus
length plus length of punctuation and blank.

' to
Is R7 less than RS, the |Yes
last SENTMAP address?
No to

Was the punctuation a period, |Yes
question or exclamation mark

}No
Ye
to xs R11 higher than R147 |

No

to | RS9

SENTMAP was exceeded. Dump CBUFF1
{in LLETPCI) and SENTBUFF (in the
calllng program MEDLIST)

!

Reduce R7 by 4 to last
legni SENTMAP

!

Step Rit to the period
80 the next sentence will
be read in OK.

to to exit

Fig. 7 LLEMREAD Subroutine (Cont.)
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2.

MEDLIST, Main Progran: Module

(a) Macros used:

(1) A. J. Nichols macro, $DUMP; see writeup
(2) Logical IOCS macros OPEN, CLOSE, GET, PUT; see IBM $360-30
C54-5037

(3) Personally written macros as follows:

® TSTPS *TYPE, *REG, *YES, *NO, *LIST. The TSTPS macro tests the address

given in register *REG for indicators of parts of speech given in *LIST. *REG
must contain an address within the POS table. If the *TYPE is ANY, presence of
any part of speech given in *LIST causes a transfer to *YES. If *TYPE is ALL,
transfer will be to *YES only if all the parts of speech given in *LIST are present.
If control is not transferred to *YES, it will go to *NO. If either *YES or *NO is
omitted, that address is assumed to be the next address in sequence. The POS
table has 3 bytes for each word and 1 bit for each part of speech. See subsec-
tion 1.3.1 of Ref, 1.

TSTFU *REG, *YES, *NO, *LIST. TSTFU tests the entry in the table FUNCTION
for the word whose index is given in the register *REG. (The first word has

index = 0, the nth word, n-1.) Transfer to *YES occurs if all the functions desig-
nated in *LIST are present, otherwise transfer is to *NO. If either *YES or *NO
is omitted, that address is assumed to be the next in sequence. For a description
of the FUNCTION table, see subsection 5,3 of Ref. 2.

SETFU *EREGA, *EREGB, *EFUNC. SETFU records the function *EFUNC into
the FUNCTION table for the word whose index is in register *EREGA. Register
*EREGB contains the address of the phrase (in the NAPT table) and *EFUNC gives
the type of phrase, either TNAP (noun phrase), TVBP (verb phrase), or NFP
(infinitive phrase), For 2 description of the FUNCTION table, see subsection 5.3
of Ref, 2. Caution: SETFU uses register 15.
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¢ S$SAFIX*AFFIX, *LENGTH, *POS, $AFIX is used to put an entry in an affix
table for a dictionary lookup, *AFFIX is the affix (e.g., TION), *LENGTH is
the number of letters (e.g., 4), and *POS is an indicator of the part or parts of
speech to be binary coded into the table inimediately following the affix (e.g., N

for noun). See also page 1- 16 of Ref. 1.
(b} Detailed Flow Diagram

A detailed flow diagram is shown in Fig. 8,
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ey o cnrd from tape

ut 15 tytes to RY
Re

Store R® in LADDRP
Store RS in NENTRIFS

Find the next higher power
of L ot NFNTRIES and store
tn ADINENT

I

Calculate the jook-up Increment
ADINENT*15/2 (for subrouline
MPOSB)

Open PHRASE  oulput itle

Branh to LLEMREAD to get &
ntet ce read into 8k NTRUFF

| Clear 1WUEE the cutput ares

Yos

r
s the NWORDR < 17

Dump
SENTBUFF

No

Set NAPARD to NAPT  8et RS to
lst word sddress S+t RE to
tot word length

T

1a this an 8 or 9 letter word'l]

‘Yu

There 18 a switch here for 1D} check
Check or not  If check and find ID.
set awitch for no further check

i

Move 18t 4 characters inlo NUMBER ¢ J]

{

Pick up the cnde tn colume, B, look up
the corresponding 3 character code
and atore in RUEF -~ BUFF + 2

i

Set (10 SFNTMAP
Set R11 POS
Set R6  NWORDS

i

Go to MPOSE whick witl deter mine the part
of speech of the wovd denignated by R10 and
store that at Rl

HOT FNDF i RID RI and reduce tat ond on m]

'}Ni:
Hegin ta deline noun phrasea
Sel )19 10 POS
o @

Aeplace column # No

with a blank

-

Fig. 8 MEDLIST Detailed Flow Diagram
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!
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Set R7 = R7 - 1
Set R9 - R9 -3
Setting ind to

Step R7. RS and check

R? <« NWORDS Yes

Set R8 tc R?T AJAR to 0

Set R12 and R11 to C .

Yo
@ Is R7 - R8” l

Yes

to (BP31

]

fJoes tls word have pert of
speech of CJ. PR or PU?

ih‘o

Does it have POS of AV?

Yes et AJAR = 1

jNo

{0

Does it have POS o« NC or PP?

Yes
BP26

{

DNoes it have PO6 of NP?
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:.o

Yes

Load R12 with |
Load R11 from R7

previous word
Set R11 from R7

Step R7 and R9 to
next word and
check RT NWORDS

Yes No
@ to{ML2!

Ia the previous word a NA?

{ No Yes

1s the current
word an NG?

No iYea

@ Step R12

o o)

o(ora)

POS of R7

Set R9 to L"‘ Step NAPADD
by 4

iNo

| Does it have POZ = NA?

Yos
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t

to

Does pravious word have

the function PT2?

yes | Does folloming
to @ wo~d have POS
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BP28

,No

Load R12 = Ri
Lond R11 end NAP
possibility, with R7

1 to

’I’STNAPI
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(c) Subroutine MPOSB

The MPOSB subroutine is an adaptation of the POS (Part-of-Speech) program developed
under the ONR contract. See subsection 1.4 of Ref. 4 and subsection 1.3 of Ref, 1.
MPOSB assigns a part-of-speech code to a given word on the basis of its siructure,

It assumes that the address and lengik cf the word are at the location given in R10,

2 bytes each. it stores the 3-byte part-of-speech code in the address specified by
R11. The calling sequence is BAL 14, MPOSB with R10 and R11 suitably set. Return
is to the following location, The flow diagram is shown in Fig. 9.

(d) Subroutine CHKEND

The CHKEND subroutine compares the letters ending at the R10 data address with
entries in a table whose address is in R5. The entries in this table are defined by the
$AFIX macre, which constructs an entry coriposed of the length of the entry, the affix
itself, and the asscciated 3-byte part-of-speech code. If a match occurs, R6 will be
set to the beginning address of the matching entry and return will be to the next in-
struction. Otherwise return will be to the second instruction following the BAL. The

flow diagram is shown in Fig. 10.

(e) Subroutine FILLBUFF

The subroutine FILLBUFF transfers as many words as indicated by R12 to the address
in R11, starting with the word whose index is in R10, deleting 8- and 9-digit numbers,
If the last storage address is not as high as BUFF + 49, the difference is padded with
blanks and the contents of NUMBER is packed into BUFF + 50 = BUFF + 53. The

buffer is printed and cleared. The flow diagram is shown in Fig. 11.

3. I0OCS File Definiticn. Parameters

LLEDICT - tape inpuf file on SYS005, with 80-character records. Goes to £OFD on
end of file and ERR] ' reading error. No label, Rewinds and unloads.

3-39

LOCKHEED PALO ALTO RESEARCH LABORATORY




E

Save | rogistors E
fﬂur 24 bytes of xmuJ ;
Lowd RS with werd lecation 4

Lued RT with word jongth

Y'—‘-[ in the 1 fetter alphabetic? J
No

i Set art of sveech = punctuation ]

RETURK

-o[ Move tae word into KFRHLLJ ]

Set RE to binary sercch increment
{or the dictionary and set RS to the
beginning addrcaa of the diction: v,
plus the incroment  det R7 to word

length.
!

POS4
+8 15 lean than the last sddresa|no
of the dictionary ?

s v

I Yes Halve the
increment
Ye «] Check R7 lettars of the word agalnst in R6
> \Pos22 1 ihe RS addrest in tha dictionary
Do they match?
1 No to
if word lower i word higher
than ent Halve the fncrement in Re. fhanontry
POS33
Subract RS from RS,
I 36 lower than 152 Pdd R6 to RS
No s N6 lower than 157
‘ Yos
Yon No
Check R7 lettars of the word
to agaisst A (1t eatry of
dictionry). Do they watch?
Yoo No to
e { POS2Z tn| NO ENTRY

Po|2z
Maye the 3 byte POS covte following .
the dictionary word Into POSBIN 1O ENTRY

Begin ckeck for a suifix  Set RS to
SUFF, R10 to laat letter of word

Restore index registers

Branch to CHEKEND to find anv
posmble suflix match

Move POSBIN 1mn
address in RiL R if

- SRRLRSNSS no
Mateh Match
KETURN Move POb designatinp Move NA designation
following matehing (2) into POSBIN
suffis tnto POSTBIN ‘

Fig. 9 Subcoutine MPOSB Flow Diagram

3~-40

LOCKHEED PALO ALTO RESEARCH LABORATORY




¥y T T

Store registers 7-9
and clear 7

@ 1

1oad R9 irom R5

Does R9 point to Yen Restore R7-P9
FF end of table” and return

Y

No
] B 40, 14)

Set R7 to length of affix
RS to begin of posaible affix
R9Y to affix in tabls entry,
RS to next table entrv
R7 to length - 1

tu ‘

No| Compare R7 letters at address given
by R8 and R9. Are they rqual”

Gl

SetR6 R9 -1

Restore R7 -R9
and return BR 14

Fig. 10 Subroutine CHKEND Flow Diagram

3-41

LOCKHEED PALO ALTO RESEARCH LABORATORY




L Store R10-R15 1
1

8et R10 with address of word
whose index was in R10

1

No

Is R12 s 27
'Yeu

Is length of No
1st word = 87

1 Yes
to Yes Does 18t word start
with a number?

No{___

Load RS with word location
(R10) and R13 with length.

Is R13 = 8¢

Is R13 = 97

Yes

18 the 1st character
a number?

}No

Move from R9 to R11,
R13 characters.

!

Step R1l = RI1 + R13 + 1

R10 = R10 + 4 (addreas next word)

!

o Red test=0Rlzl

No

Yes

Set R12 = R11 - BUFF
and compare with 54

Higher or =

Lower

fill to BUFF + 52 wi*h blanks.

Set R12 = /R12 - 52/ and move R12
characters irom Ril toR1l + 1, ..,

1

Pack NUMBER into | o

BUFF + 50

| Print butter (54 bytes) |

@ Clear buffer

[;ltore registers and retuxﬂ

Fig. 11 Subroutine FILLBUFF Flow Diagram

3-42

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OFf LOCKHEED AIRCRAFT CORPORATION




LLEMEDQ — tape output file on SYS003, with 54~character records blocked 1728, No
label, Rewinds and unloads.

LLETPCI - tape input file on SYS002, with 80-character records, Goes to EOF on
end of file and ERR on reading error. No label. Does not rewind.

3.7 FREQUENCY-SYNTAX EXTRACTING PROCEDURE

1. Run BPHRAS to get index words on disk
SYS2 — 180 — SENTFL input (from SENDIC)
SYS3 — 181 — phrase output
SYS4 — 191 or 192 - index word output

2. Sort index words from disk onto tape
SYS4 — 191 or 192 — index word input
SYS1 — 180 — Sorted output

3. Run EXTRACT on index word output to produce input to PRNTEXT
SYS8 — 180 — Sorted index words
SYS9 — 181 — Selected index words

4, Sort selected index words into sentence order
SYS2 — 181 — Selected index words
SYS1 — 181 — Ordered selected index words

5, Run PRNTEXT4
SYS2 - 180 —~ SENTFL input as in 1
SYS8 — 181 — Ordered selected index words

3.8 SENTENCE DICTIONARY PROCEDURE

1. Run BPHRAS to get the phrase structure of the sentences
S¥S2 — 180 — SENTFL input (from SENDIC)
SYS3 -~ 181 — phrase structure output
SYS4 — 191 or 192 — index word output
Run BPHRAS for each file desired
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2. Sort as many files of phrase structures together as desired and within the capa-
bility of DSORT and the storage space available
SYS1 — 181 — input
SYS2 — 180 — sorted output

3. Run DUPPHRAS on sorted phrase structures
SYS2 — 180 — input from 180 above
Printer output
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Section 4
INTRODUCTION

In LMSC's proposal to compile a word-government dictionary (Ref. 7), the belief was
expressed, with demonstrative exampies, that a computer-implemented word-
government dictionary would prove an invaluable tool in certain areas of computational
linguistics and information retrieval. This project has three objectives: the compila-
tion of a dictionary of English word-government patterns, the implementation of the
dictionary on a computer-readable medium (probably magnetic disk), and the develop-
ment of a recognition algorithm capable of recognizing government patterns in English
text and assigning the pattern to the proper governing word.

Though some work has been done on the recognition algorithm, the emphasis in the
past year has been on the actual compilation of the dictionary itself.

4.1 DEFINITION OF WORD GOVERNMENT

A governing word is one which requires a certain type of word, phrase, or construc-
tion to complete its meaning (Ref. 8). Thus, believe requires its meaning to be
completed by a noun, or by the prepositional phrase beginning with in, or by that
followed by a clause, or by a clause alone, Following the Ramo-Wooldridge nomen-
clature (Ref. 9), the governing word is called the primary. A word or case form
imposed by the primary is called a secondary. Thus, believe is a primary in the

following sentences:

I believe him.

1 believe in his ability.

I believe that he will come.
I believe he will come.
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The secondaries are him, in his ability, that he will come, and he will come, respec-
tively. Several secondaries may be associated with a given primary, Primaries are

nouns, verbs, adjectives, and occasionally adverbs. Secondaries are prepositional 1
phrases, certain case forms of nouns (especially important in Russian), and a par-

ticular form of the verb (e.g., the infinitive form). It is also possible for a clause to
be a secondary element, Secondaries may follow or precede the primary and need not 1
be contiguous to it or to each other,

4.2 EXAMPLES OF WORD GOVERNMENT

In Table 1, S denotes a substantive, If the secondary pattern contains more than one
element, then the elements of the pattern are separated by slashes. When secondaries
occur on one line, they are compatible with each other. That is, they may all occur
together in a given sentence., Secondaries on different lines, as with to depend, are
incompatible. One or the other, but not both, may be associated with their primary

in a given sentence.

Table 1
GOVERNMENT EXAMPLES

Primary Secondary
to depend verb on S/for S

upon S/for S
on S/infinitive
upon S/infinitive

to translate verb S/from S/into S
to associate verb S/with S
transformation noun of S/into S/by S
immune adjective to S

from S
careful adjective of S

with S

infinitive
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Section 5
FORMAT OF THE DICTIONARY

The data that make up the word-government dictionary are arranged in six columns.

¢ Column 1: Primary and Number of Primary Meanings

Column one contains the primary governing word and, when applicable, the mean-
ing (denoted by a number) of the pattern which follows.

abide 1 vt S
2 vi by S
vi in S/for S
The numbers 1, 2, and 3 convey the fact that the three patterrs impart three dis-
tinct meanings to the primary, abide. Abide (1) means 'to tolerate," "put up with."

Abide (2) means "to live up to," "to submit to." Abide (3) means to "reside,"
"live," "inhabit."

Occasionally two or more meanings are associated with the same government
pattern. This fact is denoted by listing the numbers of the various meanings side
by side

come 1,2 vi into S
conceive 1,2 vt S
2 vi of S

Come (1) means the ordinary usage expressing motion into a place; come (2) means,
"to inherit something."

Conceive (1) means "'to become pregnant with." Conceive (1) and conceive (2) share

the second meaning, '"to form or develop in the mind; imagine."
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At the present stage of the compilation, the use of meaning-numbers is simply a

device to designate the number of meanings which can be assigned to a primary-

secondary pair. The compilation of the actual semantic meanings associated with

primary-seconrdary pairs lies bevond the scope of the present study.

Column 2: Parts of Speech

This column denotes the parts of speech of the primary contained in the first column,

The various parts of speech have been abbreviated and it is the abbreviation which

occupies the second column.

n
ns
npl
aj
ajp
ajt
av

vt
vtl
vi2

vprp
ps
vix
vax
vin
vin
vir
vi
vip

noun
noun singular
noun plural

adjective
predicative adjective
post adjective

adverb

verb transitive

verb transitive, reflexive

verb transitive, imperative
verb, present perfective

past participle

verb transitive, does not undergo passive transformation
verb auxiliary

verb transitive, negative

verb intransitive, negative
verb intransitve, interrogative
verb intransitive

verb intransitive, passive
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This list has been expanded from the list used in last year's report. The secondary
pattern (columns 4 through 6) occurs only when its primary word is in the form
denoted by part of speech. The meanings of the various parts of speech are self-
evident except for those discussed below.

Occasionally a verb has been defined somewhat more precisely than as transitive

or intransitive.
1. Verb Transitive Reflexive (vtl):

This verb is characterized by the transformation Ny Vil N, -self == N1 Vtl.
(He behaved himself <~ He behaved)

2. Verb Transitive Imperative (Vt2):
This verb takes the object only in the imperative. (Beware the dog.)
3. Verb Intransitive Passive (Vip);

This class occurs fairly often. The government pattern only occurs when
the verb is passive. (He was chagrined at the crowd's behavior. )

4, Verb Intransitive, "it" object (Vil):

It is an object used, not as a noun substitute, but to complete the verb
(I would appreciate it if you,...),

5. Verb Intransitive, Reflexive Pseudo-Object {Vi2):

The reflexive object is a self-type of proncun which agrees with the subject
in number and gender., Since it cannot be replaced by another noun, it acts

to coin~lele the verb (He absented himself from the house).

6. Verb Intransitive, Imperative (Vi3):
The government pattern occurs only in the imperative (Beware of the dog).
7. Post Adjective (ajt):

The adjective and its pattern may follow the noun (A man likely to succeed).

If the adjective precedes the noun, then its pattern may "attach" itself to

the noun (a likely man to succeed).
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® Columns 3 Through 6: The Government Pattern

Columns 3 through 6 contain the heart of the government dictionary, the govern -
ment patterns themselves. The patterns are usually self-explanatcry., They should
be read frow left to right.

A pattern can contain anywhere from zero to four constituent elements. The most
common constituent by far is a preposition followed by the symbol S where S is a
substantive. Other abbreviations are used throughout the dictionary. They are ﬁ

listed in subsection A.1, Abbreviations,

Since the dictionary is to be computer-implemented, certain conventions have been
adopted to facilitate keypunching., Thus the elemenis of the paiierns are arranged
in columns in the expectation of a fixed-field input format.

Also, a computer dictionary, being an argument-function listing, cinnot contain
duplicate arguments. Consegucently, orthographically identical prin:aries have been
merged, the syntactic distinction being made in ti.e parts-of-speech column (column
2). Thus acclaim has different patterns depending on whether it is used as a noun
or verb. The dictionary listing is:

acclaim vt S8 /S
vi 8 /asS8
n ofS/forS/as$S

Another computer-imposed constraint regarding primaries has to to with the num-
ber of words in the primary. It was decided to restrict primaries to a single word
(for a more efficient dictionary search). This has resulted in a somewhat unnatural
treatment of two-word primaries (none larger have been encountered). What has
been done is to list the first word as the primary and the second word in the first

secondary column,

Thus biowing over, a noun, is iisted as

blowing n over / of S
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There is a group of short common transitive verbs which allow the use of a "floating"

adverbial particle which may follow either the verb or the (pro)noun.

We backed up the car,
We backed the car up.

He took off his coat.
He took his coat off.

These are actually two-word transitive verbs subject to the transformation

N VtAVszN \' N2Av

1 17t

and must he distinguished from intransitive verbs with prepositional phrases.

This type of two-word primary is treated in the dictionary by placing the first word
in the primary column and the adverb, preceded by a slash (/), in the first second-

ary column,

Thus
carry vt /Jout$S

These verbs are quite common, They are also important because the adverbs are
often used to distinguish meaning.

Occasionally a zero cccurs in the first secondary column. This indicates that no
pattern can occur with the primary in question (or, as below, the meaning of the

primary in question)

amusement 1 n 0
2 n of S/ ats

amusement (1) is "something that amuses or entertains," while amusement (2) is

"an amusing or being amused." This pattern, or more accurately lack of pattern,
is easy to miss. The entire dictionary when completed should be re-examined
specifically for this pattern.
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When a dash occurs as one of the secondary elements it means that the primary
itself is to be substituted for the dash. Two dashes indicate an inflected form of
the primary may be substituted

chance vi it/— —/that + cl
It chanced that we were there when the accident occurred.

A clause preceded by that is denoted by that + cl. It occurs quite often.

A other common occurrence is CJ+ cl; Cddoes not stand for a conjun<tion but for
a get of words called conjunctives. These are words like how, what, who, etc.

(See subsection A. 1 for complete list.)

The elements listed in the abbreviations can often ne combined to form larger units.

confront vt S/withCJ + cb:

what he had said

We confronted him with {how he had behaved

This pattern must be examined in more detail because often not all conjunctives can
be used in the pattern.

There are two kinds of infinitives, the "to" infinitive denoted by "to~inf' awd the
so-called bare infinitive (I saw the dog cross the road) which is an infinitive without
o' denoted in the dictionary as '"bare-inf."

When a word is enclosed by parentheses, its use is optional

cause vt S/ (not)to-inf
We caused him (not) to win the election.

Sometimes to be is part of a secondary pattern.

caution vt S/to-be A
We cautioned the children to be careful.
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Appendix A e
WORD GOVERNMENT DICTIONARY

A.1 ABBREVIATIONS AND SPECIAL SYMBOLS =

Abbreviations

The following abbreviations are used to describe secondary patterns in the dictionary.

Abbreviation Meaning
3 substantive
N noun
CN noun plural
NM noun animate
A adjective
D adverb
DT adverbial time expression
DJ adverbial adjunct
P pronoun
PX pronoun reflective
PSS pronoun possessive
G gerund
PS past participle
PR present participlc
VRB verb
cl clause
to-inf "to" infinitive (to see, to go, etc.)
bare-inf infinitive without "to"
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cJ conjunctive; that is, one of the following,

how, what
when, where
who, whom }
whose, why j
whether, if :
phrs phrase
to-be the verb "to be"
Special Symbols
Symbol Definition ?
E
() Whatever is contained within the parentheses !

is optional in the government pattern.
Hnot"

+ The structure following the ' +' requires
analysis by parsing program (e.g.,
that + clause)

- Substitute the primary for the '"-"

- Substitute an inflected form of the primary
for m"n_.n
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band vt /togetbey S/1nto 8/to ~inf
vi together/with S/to ~inf beach vt S/on S
baaish vt S/from S/to 8 beam i vt S/trom S/to 8
3 vt 8/trom S/toward §
. benishment n of 8/from S/to 8 2 vi on8
. 2 vi s
. beak 1 ” 8/ 8 .
1 4] /st 9 bear N vt 8
1 i with § 2 vt S/to 8
2 vt S/with 8 3 vt 8/agalnst 8
3 vt 8 4 vi on 8
4 v on 9/for § 4 it onCJ 4ol
4 4] ou 8/to -inf 5 vi down x/on 8
‘ 4 v on G [ W up/under 8
4 14 upon S/for § 7 vi with 8/in §
4 vi upon 8/for 8 2 vt /away 8/t0 8
4 vi upon $/t0 -inf 8 vt /out 8
v 4 " upon G
. boxrer n of $/to §
banter vi with S/nbout 8
bearing 1 a of $
baptiem a of 8/1n 8 2 n 8
n of 8/oy 8 3 n of $/on 8
i 3 n of 8/upon S
baptize w 3/1a 8
v 8/by 8 bearish 1 a [
2 Aj oe S
. bar 1 ” S/troen S
3 " S/with 8 bext 1 vt S/tor 9
H vt $/because of 8
bare v S/08 2 " 8/tor 3
] ot 8 3 v S/with 8
3 wt 8/upon 3§
4 w 8/10 8
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beat (comt'd)

[CESTOROR- R SR Y

beautification

beginaiog

begrudge

bequile 1
1

behave

[CR e

behavior

beuind
beholden
behoove
belabor

belle’

ballove

20 e

PEeB 553333

as
vo

313 33 3513

e

1534833833 a33

sposERE D

i3

S533 333

<3

53333

S/through S
S/y S

$/intn 8

oo S/with §
agaiom S/with §
/bact. 8/from S
/down 8

of 8/06 8

of S/upca 8

of 3/in 8

to8

of 8/with 8
of S/by 8

S/with 8
8y 8

oo 8
off S

S/to 8
S/toward §

8/with 8
Shy S

of 8/with 8
of S/by 8

with 8
oy S

S/from S/for 8
S/of S/for S
$/to -1l

S/at S
Sy S
S/trom §
S/on S
S/with §
S/a% S/in $
S/as S/at 8
to -inf

of $/in §
of S/at 8

of S/from §
of S/on 8
of S/with §
of $/as 8
to -tnf

3/8
She 8

8/of 9
S/out of §
K]

Px/with §
Px/at 8
towsard §
to$

of S/towards S/at ¢
of $/to §/at 8

of $/toward 3/1n 8
of 3/t0 8/in 8

in3
to S/for 8
S/to -inf

8/with J
S/oy §

ol 8/in 3
of S/that + ct

S

(that) + <l
what + cl
as

io what + ci

-

-

bemused

8 e

bonediction

benaficial

bent

-

bequeath .
bequest
berate

bereave

beresvement
bereft

berth

beseech

SN

beseige

bestir

bestowal

°3s

P38 53353

%2 P33535 =22

oo

23255

EPB s 3 555 333 as

23 a

L S 3 1

S/from 8§
S/to 8
S/over 8
S/zround 8
ins

1t/to-be/—/to -inf

of S/ S
of $/upon 8
tos
for 8/to -nf

S

from S

1/~ --/$/to -inf

to8
for S

for §
on$

S/to S
of $/to S/ot §
S/tor

at s
by $
S/of 8

of 8/at S

of 8
as

S/at 8
S/in 8

S/for 8
S/t S
$/to -

S/with 8
by 8/from §
with 8/trom 8

$/with 8

8/in §/with 8
ol 8/in 8

of S/t §
$/of S/1n S

$/to -ind

S/on $/for 3
S/upon 9/for $

of $/cn S/ior 8
of $/upom S/for 8

S/with 3/0n §

what) ¢ cl

o3

sguinst S

of 8/with S/on §

of 8/botwean 8/end 8

[xi 11
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bewildermeat

bifurcate
buurcation

buk

bl

23 33 2 5 P25355553% ooo

35

E]

Sho 8/for S
S/with §

of 8/to 5/t S/for §

S
of S
of

S/with 8
Sy S
os

by 8

of S/with S
of S/by 8
of $/at S

S/againat §
S/toward §
S/infavr of &
agunst §
toward §

1w favr of §

of S/agmunst §
of S/toward §
of 5/in favr of §
S

S/for S

S/on 8

S.to €

S/to -inf
S/bare -inf
agurst S/for 8
of $/for §

of s/0n S

5/1nto >/and S
of S/into S/and &

S/0td
Srout of §

$/5/for §
of S/for §

54t S
5/in§

of S/to S/for §

8/to §/with $

/uo S/with S
S/with §

8/to ~inf

/over S/to S/tor §

of $/to 8

of 8/0n S

on 8/to «inf
upen 5710 -ind

ol SN0 8/in S
of S/to S/at S

Sinto S/and S
of $/into $/and &

S/with §
into S/with 8
ofn $/with §
AL S/with S
in$

to 8

S/trom S
S/tor 8
8/on 8
for 8

/out 8

Bl ¢

bl ankdting,

Blaspbemg

bldspheon

hleach

Blead

blaush

blend

Heas

blessing

o

blink

block

blewing

hlowiny,

Blundkr

tluty

1200

P
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S/witd S
S
dAdrom s
of Son s
of Sovep N

CEh wih s
of 5y N
ol S s

5
noamst S

L R TTITEN RN
5/ S

BRI
doutuly
at &
tiom S
ms
Haon >

on s
upin s
ns

S/with s
S/and $/intu S
ol S/with §

of 5/dand §

S/with s
of Sron s

5/with &
S/by b
tu s
thom s
with s

S/t >

S/hom b/with
S/tiom a/by o

Slrem v/t S
Srom &/with &
un'y

upun b

out S/rom Sz o
/ot /from S/with »

S/tom S/to s2thiougn S
ond

[DTO Y

on s

Loy

ol dtiom /e S/thr agh S

of /on S
ol >/upon 5
of S/oved S

LISREI

ntu N
against s

SZnte SAwath s
SAnty S/ S
SAmt b Srwath s
Dlout ol Sy N

Shwath S
SN

13
with N
Ay =

bt 2 LA, e g

b3
H
%
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boast vi A BN S ottom i " m8
] abag 80 8 1 L wpem §
s of .'/to 8/sbout $ 2 vt as
u of 8% 8/onacerning S
[ by 8/t0 §/sbout § bownce vt $/trom S
a by $/30 8/comcarniag S n S/otf ot £
botl 1 vt 8/with 8/at 8 bousd 1 " S/on 8
2 vt S/down to 8 1 L3 8/upon 3
2 vt about 8 .
bolster n 8/wtth 8 2 L, arouad 8
v /vy 8 3 L4 beck {rom §
L3 8/agatast 8 4 i up with 8§
" /ep8 4 v up a8 .
1 ] te ~laf 2
it 1 n ] 2 a to8/by 8 .
2 vt 8/with 8 2 &} to 8/with 8 e
3 vt from S 3 3] ter S .
3 4 outof 3
boundary a of 3/with 8
bomb " $/to 8/with 8 B of $/aad 8
" 9/into 8/with 8 n between §/and 8
bombard "t S/with 8 bounty 1 L] of8 .
” S/by 8 2 n onS .
bombacrdment o of 3/with 8§ bout 1 2 oS -
B of S/by 8 2 n with § .
bond vt 8408 bow vt 3/to 8
vt S/onto 8 L] S/toward 8
n of 8/tetween S/and § n of 8/to 3
a of 3/toward 8 .
boodigs .1 toS «
bence 03 S/against S/with S :
booding n of 8/to 8/by 8 vt S/tor
a of $/to 3/with 8 " S/to -1af
boaus n for 8 bracket vt 3/%ithin § .
vt S/betwoen 3/and S 1
book 1 vt 9/into 3 vt S/with 8 B
1 L3 S/ia 8 vt 8/by 3 .
1 P 8/at 8 - B
2 vt 8/for 8/in 8 bracketing n of §/withun § .-
2 vt S/for S/at 8 n of 8/between S/and §
a a of S/with S
n conceining § [} of S/by 8
» ol 9
brag o of 8/to S/about S
boomerang vi on§
brake vt S/sguinm S N
boca [ to3 s on§ : ‘
n for 8
branch vi into §
border 1 ¥t 8/0a 8 vi oft/from S/in §
1 vt 8/upon § vi off/{rom S/1ato S
3 L4 ons vi out/trom 8/in §
2 L usn 3 v out/from 3/into 8
1 [ betwsen 8/and 8 ) :
1 L] of */and 8 besuching -} of $/into 9 cor
] o o9 n off/of 8/from 8/in S -
] off/of S/trom S/into 8
bore 1 n $/with § u out/of 8/from S/in 8 e
1 vt SNy S 0 out/of §/from S/iato S
2 L] $/1no 8/through $
2 L] 3/in $/tarough 5 brand 1 vt 8/with § . K
1 vt S/by 8
borsdom n of 8/t 8 2 n 8/3
o of 8/with 8 2 v 8/aa 8
1 [}
born Y} to0 8/in 8 2 n of $/0n 8
&) to8/at 8
aj with 8 breadish vt S/u s
] for 8
] to -inf hrave vt S/with §
2} iato 8 n 8/1n 8
borrow " $/trom &/for 8 travery n of 8/against 8, ' 8 ; S
L] 8/trom 8/t0 -inf [ of 8/against 8/at s R
bother 1 vt 8/with § breach A4 8/with 8 X
1 v 8/by & n Sy 3
2 iz to -tof [ ns
%]
bottie 1 n ]
2 n /up 8/in 8 brwak 3 n 3/into 8/with §
1 " $/into 8/by S
2 L $/to 8
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breax (cool'd) 3 vt SAvith § broedcast 13 S/over S
4 vt S/of' S n S/trem S/to s
5 i up with § a to §
] vt o oa $/with §
6 vi {a upoa S/mith S broadcasting [ of § over S
[ vi into S [ of S:from S/to §
7 vi foeth (o S
7 i out s 8 brotl n S/at 8
4 ¥i /ol 8/with S
9 L] oit with § brood n abost §
9 vi out in S vi over §
10 n with 8 vi upon §
11 vi down i oa$
2 v /down 8/into 3/and §/with S
12 n /down S/ivto S/and 5/by S orowse v ttrough S/for S
1 B of S/in S vi wm S/t 3
1 n of 8/ S n thr ynsS
2 n of S/with § a iny
2 B in S/with 3
2 5 16 S/betwien S/and S brush 1 vt S/off of S
2 n Wpoe S
breakdown 1 8 of 5/iato S/and 5/by § 3 vt /anide S/mth S
i n of $/to S/and S/by § 3 vt /atide S/by §
2 a of§ 1 v /o8 S/'rom S/wuh §
3 n [o] 1 vt /ot S/trom S/by §
2 w up §
breakfaat vi on 8
buckle i vt $/to S/with §
breakup 1 n of $/in § 1 vt $/into §
n or 5/1ato S/and S 2 vi down to S
2 [ between S/and § 2 vi dowe/to -1nf
breathe 1 vt 8/into S budge vt 5/from S
2 vt 8/0f S/t0 S
buifer ) between S/and S
breed 1 vt S
2 vt S/with 3 build vt S/on >
2 n nS/at S vt 8/upon §
3 vt Sho s vt S/from $
1 vi /up 8
oreeaing a of $/with § 2 vt /up S/frot $/t0 S/in §
n of Sty S 2 vt /up $/trom $/to S/at §
2 vt +/up S/out of S/t0 §
bribe vt S/with $/to -inf
vt S/with S/into S busldup 1 n of §
n to -inf 2 a of S/from $/to 5/1n §
n for § 2 n of S/from & *n S/at s
2 a of S/out of to S
bridge vt S/betwcen S/and S/with §
vt S/between S/and S/by S bully vt S/into S
1 a between S/and S/over S
i n between S/and S/over S bulwark vt S/with §
1 a over S/t S 113 S/hy S
2 n of s n of S/aganst S
bridie vt §/with S bump vt S/intu 8
1 43 S/by S vt S/agunat 5
2 Vi ats n of S/agmnst S
brief vt S/on S banch " S/with S/1nto §
13 $/with 8/in §
brighten vt S/with 8 vt S/and S/into S
vt Sy S vt S/and S/in 8
bring 1 vt S/to 8 bundle 13 S/wro 8
2 vt S/on S v S/out S
2 vt S/upon § " 3/0ut of 8
3 vt $/against S vt /away 8
2 vt /sbout 8 vt /oit §
1 113 /around S/to §
1 vt /down § burden vt S/with &
2 vt 7down 8/0n § n for $/to -inf
2 vt /down $/upon S n on $
4 vt /forth S/trom S 3 upop §
b vt /lorward S a tos
1 vt /in 8/from S/w §
2 vt /ot S/with S burdensome a to§
2 n /ol $/by §
1 vt /oo 8 burial 8 of 3/in S/with S
! vt /out $/before § S of 8/at 3/with S
1 vt Jover 8/to 5
1 vt /up 8/ia 8/by §
H v /up S/at §/vy 8
broscn 1 vt 8
2 n S/t0 §
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. N S s “ campmign L] for 5/agaiset 9

. TS » of 8/tor 3/vguias 8
ARY oS s
' A~ canalisation » of 8/through 8/1nto 8
A1 L
camalize L] S/through $/into 8
o ' TR
1 TR canon L]
Jout S
gl bon s o s
N WS e ¥ canceilstion a ol Sy s
W, K SonS wi s camvas v Sfor s
v DEERE SRR a of 8/for 8
et Vie v s cap t S/with 8
Vil IR
[ ' with S care i to -inf
1 with > " that + ¢l
wj ats i T to -taf
i Cl+el
butlin = M CRSIUEN vi for 8
Mt NN
carsful a) with §
[E¥1Y i vt NS o S with s 2} sbowt + cl
H 3 Sor S brom S with W 2§ shout 8
] vt SAor s S wite s uj to -inf
} it SSatsown S aj of + ¢l
: m mte s
g v 7ol S ceroless aj with 8
i \t Jout S Y| about S
3 vt up S 2 about + ¢l
caress L S/with §
carp I ot 8/for S
] at 8/about §
bl 3 S tooant
t S carrier n of S/trom S/to §
t ol n of $/from S/into S
vt S e s ot
3 S/t ol candtdacy [ of 8/fo: §
ynle 53 S ftom S capdidate [ for § d
A4 S oout ol N
t shnto NG capaidlity a to -inf
n of 8/tor S
Cuhe v Shs
vt NS capable a) of NG
Cyalory n WS teom S capacity o of 8/tor 8
n ol S/out ot S n of 8/to -inf
n ol Sante M
capitalize 1 vt 8/at 8
Caleulate 1 M STom S S 2 " S/into 8
i vt [ 3 L on$
2 \ that vl
capitulate Wi to S
alcul o 1 ol Sdrom s by s
capitulation e of S/t0 8
ciliby b 1 DNt S tor N
captivation n of S/by 8
bt n cLNanto N Ty S 8 of S/with §
valt 1 v SN captivate v $/by 8
1 5 St S w 8/with §
- i i N s
i i b S to - capture 03 S/w G
3 v on So and 3 S/with N
[} i Zdown Szan S n of 3w 3
W /s a of 8/with 8
« i Zms/on N
7 Wi Ak s oarry " 8/trom S/through S/to §
' A o to S b " S/trom 8/through 9/ iato S
[ s wpon/S/to i n S/over o
1 ot R " 3/slong 8
0 1o N o S " S/back o0 8
I tos ol n /about 8
" e Sl ” faway 8
043 /ot 8
vl Al S owath " Jo 8
0 S G
o MUY VASTINRN carve " 8/com 9
W Jdowie S Thy S v 8/out of 8
n 8/on s
Lt N ab s e S w a/‘ns
Vi o dor N " 8/oe0 &
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cart " SAo 8 oecsure vt 8/tor 8
[13 /ol 8/t0 8 n of 8/for S/by §
case ° for 8 comter 4] 8/1u §
"t g/on §
cash 1 vt $/tcr 8 vt 8/upon S
1 vt /in 8/for 8 [ of 8
2 i noal a for 8
cast 1 vt 8/inte S centering n of S/in §
1 vt S/to 8 B of $/on 8
1 vt $/n $ ] of $/upon §
1 n S/on §
1 043 Ssthrough § coatral aj to8
1 vi asnde $
1 v away § centralization a of S/l S/by S$/to -inl
2 vi about/for S a of 3/a¢ S/;n S/ ~inf
3 vt S/as >
centralize vt S/in S/by S/to -nf
castigate vt 8/for 8/with 3 S/at 8/by 5/to -inf
" $/lor 3/by G
certain 3} S ’
castigation n of S/for S/with N/by NP 1) about §
&) to ~taf
casting 1 n of S/1ato S a) that + cl
1 n of $/t0 S aj ofCJ + cl
1 n of S/in S a abeut CJ + ¢l
1 [ of 8/on S
1 @ of 8/through S certainty n in$S
1 B aside/of S o of S/that +
1 a sway/of S
2 a of S/a8 S certification n of $/for S/by S
a of S/as S/by S
catalog vt S/under 8 n of S/by S/to ~iaf
vt S/as 8 n of 5/that + cl
a by S/that + cl
cataloging n of S/under 5
) of S/as S certify 193 S/to 8
vt S/for §
catapult vt S/trom S/through S/1ato § vt S/as §
vt S/from S/through §/to S vt S/to -inf
vt that + el
catch 1 vt S/with § “t CJ + ¢l
1 vt S/ G
1 vt PN/Pr cessation n of S/from $
2 vt S/on $
ceasion n of S/to §
categorize vt 5/as §
chafe vt s
cause vt S/(mito - inf i to -1nf
vt S/A Vi agunat 8
vt S/to-be Ps vi ats
n for NG vi on$
] tc be A vt upon $
a to-be Ps
chagrin n ot a/at S
caution vt S/(n to -inf n of S/that + cl
vt S/to-be A vip ats
v S/(that, ¢ <} Vi that + cl
vt $/Cy to -inf
vt S/against S chalk vi /up 8/to S
cavil vi 2t S/about S cocllenge v 8/(ny to ~ind
vt S/to-be AD
cavort v with 8 vt S/to 8
Y ofS/t0 8
cease vt 3
vi to -inf champton vt S/tor 8
vi G
vi frem G chance vi to -inf
vi to-be NA vi on $/Pr
i upon S/Pr
cede v NP/ vi t/-~/that » ol
N/to NP 1 n for 8/to -inf
2 n of3/tn 8
celling [ om s 2 n of S/that + cb
cement vt 3/with S/vy 8 change wt $/from S/into S/by S
vt $/trom 8/to $/by S
cementing n of S/with S/by 8 vt $/tor 8
n of 8/from $/1nto S/by 3
censorghip n of /by 8 a of §/from 8/to 8/by S
a of S/upon 3 n for 4/t0 ~inf
[ of $/over 8
channel vt S/trom S/into S/through §
" $/from 5/to S/through $
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wonedhing n ob s from s /mbe S/thongh S chew " S/unto 8
" cES Dom S te Shrough & v os 8
Cnaptey n T chill ” 3/(dow) to S/with 8
n Wout S vt 8/{down) to S/by 8
hiractonist o 1y of N/ta i chime vi in/with 8
" s/t s
chia " Px/on 8
Chiractorizaten n ol Saas N i S
chip v in/with 8
chatutine vt Say s
choloe [ between 8/and 8/for 8
charg t vt RYAY T o of 8/for 8
1 vt St s a of 3/t -iaf
P vt S/with S n of CJ + ¢l
3 % S.(n) t) -ind [ CJ + el
] \ that « <l & of 8/to-be K
1 o ol Sa S/for &
2 n again t S/for S chols n 8/with 8
23 n of S/ izamst ¥ vt SNy G
i n of S/ito s ”n Jup S/with S
n fback 8
. «hirm vt SAem S wath s v Jdown 8
vt SMom S S vt /fol1 8
Cchart vt S/ S/thiowth S choose 1 S/as 8/to -tnf
i S/ S through S 1 vt Lffor 8
2 Vi (n) to -inf
chary ] rs 2 vi to-be A
" of ¢ 2 v to-be N
2 vi N
chasm n ins 3 vt $/from 8
n between Szand &
choosing 1 n of S/as 8/by §/t0 -inf
‘ haeten v S/for & 1 n of 8/for S/by 8
2 n of S/trom S/by S
charter vi S/or 8
't S/to -inf chop vt 8/tnto §
vt /up S/into 8
¢ hase vt “S/anto b
vt LY TTRY chroaicle t $4a 8
vt S/Arom = .
Vi S/out of & circulate vt S/about 8
vt S/about & vt S/around §
vt S/avound S " S/n 8
vt S/or & " S/through §
n o S/hy SAhrough S
circulstion n of S/about §
chastisc vt S/tor S/with o of §/around §
vt S/lor S/ G n of §$/in S
L} of S/thr 8
 hastisement n of S/for S/uith & ough
n ot 8/for S/ b ctreuwrascribe vt 8/by 8
vt 8/with §
chat vi about S/with &
n about S/with & ctreumscription a of 8/by 8
[ of 8/with 8
cheat vt S/out of §
vt /ol & circumstaaces npl surrounding
cheating n of S/out of §/by 8 circumvent vt Sy 8
check ! N N circumventios a of $/by 8
2 vt S/or &
2 W “/to -inf cltation [ of 8/for S/trom S
2 4 on 8o S ] ol /a3 §
2 Vi o SAur ~
3 M o > cite n $/tor 8§
1 n on S/for S v 8/2s 8
2 n on S/for &
! n oS civil 8} of 3/%0 -inf
i n uoon a) ws
A/ with 8
Che chmate vt S/with & !
vt Sy S elaim n $/tor 3
n S/as 8
Check mating n of 8/with 5/ » vt 3A0-b% §
n that + ¢l
cheer Wt h vi to -inf
N for & o of3/to 8
[ of $/on 8
herish W Sor s a of $/upon $
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